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EXECUTIVE SUMMARY

In November 2001, Cape Wind Associates, LLC applied to the US Army Corps of
Engineers and to the Commonwealth of Massachusetts for a permit to construct a
commercial scale, wind energy generation project (wind farm) offshore in Nantucket
Sound to supply the New England power grid. The Army Corps of Engineers {ACOE)
established and leads an interagency cooperative group of US government and
Commonwealth agencies in the preparation of an Environmental Impact Statement (EIS)
for this permit application.

ESS Group, Inc. on behalf of Cape Wind Associates, LLC, prepared a “Navigation Risk
Assessment, Cape Wind Project, Nantucket Sound”!. ESS Group, Inc. submitted this
document to the ACOE in response to requirements set by the US Coast Guard, Captain
of the Port.

The McGowan Group, LLC was retained by the Alliance to Protect Nantucket Sound in
November 2003 and requested to provide independent review and comment on the Cape
Wind navigational risk assessment. This report offers the results of that review. This
report focuses on the navigation safety impacts of the Cape Wind project; particularly
with regard to commercial vessels, and to a lesser extent, to commercial fishing and
recreational boating.

This McGowan Group report consists of two main components. The first is an
examination of international navigation risk assessment methods and safety standards and
identification of “best practices” associated with offshore wind farm development.
Specific examples from the United Kingdom and Denmark were reviewed. The second
segment of the report compares these international standards and practices to those
required of the Cape Wind project by the US Coast Guard. A topic-by-topic critique of
the Cape Wind assessment is made and compared to an international and US Coast Guard
baseline and includes a comprehensive review of gaps and user impacts. -

Based on its review and assessment, The McGowan Group draws and records the
following significant conclusions:

o The United States is far behind many other countries in providing a national
framework to prioritize, promote, and regulate offshore wind energy generation
facility development.

e (Cape Wind’s project at Horseshoe Shoal and its alternative projects at
Tuckernuck and Handkerchief Shoal have been placed adjacent to Nantucket
Sound’s environmental and navigational critically designated Main Channel.

e Cape Wind’s proposed Horseshoe Shoal location is at odds with common
international practice and threatens disruption of the Main Channel as a marine
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transportation route. The Tuckernuck Shoal and Handkerchief Shoal alternative
sites face similar risks and pose the same potential disruption of marine traffic, as
the Horseshoe Shoal location.

» The Cape Wind assessment fails to declare the need for and impact of extensive
vessel exclusion and mitigation measures commonly employed internationally to
safeguard maritime safety and protect the marine environment.

e Cape Wind’s proposal for a Nantucket Sound site is fatally flawed in that it
appears incompatible with marine transportation activity and poses unnecessary
and unacceptable risks to cruise and ferry vessel, oil transport, fishing and
recreational users.

e (Cape Wind proposes an inferior tower structural design, which may
catastrophically fail if struck by known marine threats.

e The Cape Wind assessment severely underestimates the safety and pollution
consequences including loss of life and injury resulting from vessel collisions
with a wind tower or with their rotating blades.

e The Cape Wind assessment fails to explore the negative impact to the Nantucket
Sound fishing industry by acknowledging that these projects will effectively cut-
off all trawling/dragging within the entire confines of the wind farm.

The McGowan Group’s full report on the Cape Wind Navigational Risk Assessment for
Nantucket Sound is contained in the pages that follow.

SO
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INTRODUCTION

In November 2001, Cape Wind Associates, [LLC applied to the US Army Corps of Engineers
(New England Region) and to the Commonwealth of Massachusetts for a permit to construct a
commercial scale wind energy generation project (wind farm) offshore in Nantucket Sound for
the New England power grid. The Army Corps of Engineers (ACOE) established, and serves as
the lead agency on, an interagency cooperative group of US government and Commonwealth of
Massachusetts agencies assisting the ACOE in the preparation of an Environmental Impact
Statement (EIS) for this permit application (see Appendix A). The ACOE, Commonwealth of
Massachusetts, and the Cape Cod Commission agreed to jointly coordinate the review of the
Cape Wind project and preparation of the Environmental Impact Statement (EIS), Environmental

Impact Report (EIR) and the Development of Regional Impact (DRI) reportz.

The US Coast Guard, participating in this process with the ACOE, developed a letter of
navigation safety requirements. It later directed that a navigational risk assessment be performed
to identify the impact of the construction and operation of a wind energy generation facility
(wind farm) covering approximately twenty-four square miles, or approximately 7.5% of
Nantucket Sound (see Appendix B).

ESS Group, Inc. on behalf of Cape Wind Associates, LLC, prepared a report entitled
“Navigational Risk Assessment, Cape Wind Project, Nantucket Sound” dated August 18, 2003,
study and submtted it to the ACOE!, The US Coast Guard Marine Safety Office, Providence,
RI completed a review of the draft Navigational Risk Assessment (dated June 24, 2003) and
issued a letter commenting on the study (see Appendix C). The Coast Guard Marine Safety
Office apparently has not formally commented in writing on the final navigational assessment
submission dated, August 18, 2003.

The McGowan Group, LLC was retained by the Alliance to Protect Nantucket Sound in
November 2003, and requested to provide independent review and comment on the navigational
risk assessment based on The McGowan Group’s experience in navigational safety and
waterway management issues. The McGowan Group, formed by Rear Admiral John F. “Jack”
McGowan, is a maritime consulting firm specializing in developing and integrating solutions to
mect transportation, security, and port development needs with environmental expertise. The
McGowan Group represents a multi-disciplinary team with experience ranging from ship design
and operation to port planning and development.

This report offers a review of the Cape Wind navigational safety risk assessment. Other areas
that the Cape Wind project may impact, such as fishing and recreational boating were examined
only as they related to navigation. The EIS process described by the ACOE indicates that
impacts in these and other areas will be separately assessed (see Appendix D).

Navigational Risk Assessment For An Offshore Wind Energy Farm Page 1
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INTERNATIONAL STANDARDS

A general survey of offshore wind farm proposals and established projects conducted by The
McGowan Group for this project, revealed that most countries, when considering such
installations, have established formal, national regulatory and in some cases statutory regimes,
standards and procedures. An examination of these regimes provides a gauge of the depth and
breadth of standards and procedures that European countries have enacted when faced with
proposals similar to that of Cape Wind Associates for Nantucket Sound. A review of these
international efforts also helps identify examples of “best practices™ that can benefit the process
of consideration in the Cape Wind case, or perhaps serve as an example of a national set of
standards that should be implemented in the United States. This observation is consistent with
views expressed among the members of a peer review committee established by the Army Corps
of Engineers (ACOE) for the purpose of providing guidance on the review of the Cape Wind
project. The peer review commitiee report noted that:

“...safety aspects concerning collisions of ships with wind turbine structures
need to be addressed in the design phase. As the North Sea in Europe is a very
intensively used shipping ‘lane’, experiences to be gained here will be very

relevant to other areas’™ .

International Review and Licensing Processes

From an international perspective, it is noteworthy that the European Commission of the
European Union has for some time directed (EU Directive 97/11/EC) the performance of
Environmental Impact Assessments in instances of design and construction of wind energy
facilities including those for an offshore application. Additionally, the European Commission
has and continues to sponsor an active Research & Development program covering all aspects of
wind farm facility applications including turbine, rotor, and blade design, as well as the overall
operation and management of wind farm facilities.

Regulatory and licensing regimes are well established in countries such as Denmark that is
currently the home of the world’s greatest number of offshore wind farm facilities. Other
countries (i.e. Netherlands and Germany) are reviewing and updating their national legislation
based on their own experience with these facilities or that of their neighbors. The United
Kingdom (UK) and Ireland have adopted proactive processes for offshore wind facilities and
have recently revamped their national regulatory and licensing regimes governing this area®.
The majority of coastal European countries have established national processes for government
review, selection, approval and licensing of proposed offshore facilities.

Unlike the decentralized process being followed in the United States for the Cape Wind
proposal, the efforts in European countries are focused and directed by a central government
authority. Many implement energy initiatives enacted by the host country that promote
alternative energy production sources. An exception is Sweden’s review process that operates
under a decentralized authority at the municipal level.

Navigational Risk Assessment For An Offshore Wind Energy Farm Page 2
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While an exhaustive analysis to determine the full extent that other countries have regulated
offshore wind farms would be prohibitive, the UK provides a representative exampie of a
European program governing offshore wind farm development. The UK’s overall evaluation of
offshore wind farms is managed and regulated by the Department of Trade and Industry (DTT).
A recent DTI report5 provides a detailed view of the UK’s legislative and regulatory
development impacting wind farms as well as its initial efforts to support the industry. The
United Kingdom’s regulatory and licensing regime was reviewed and selected as a representative
example.

The navigation safety standards for a detailed navigational risk assessment and maritime
evaluation procedure are managed by the UK Department for Transport. The following is a brief
overview of the standards applied in the UK governing navigational risk assessments and risk
mitigation procedures for proposed offshore wind farm facilities.

Navigation Risk Assessments - The United Kingdom Experience

The UK has several branches of government that are concerned with the overall aspects raised by
an offshore wind farm proposal including navigation safety, pollution, environmental concerns,
and search and rescue. Among the UK’s maritime agencies are the Maritime and Coastguard
Agency, Aids to Navigation Commissions, Health and Safety Executive, l.ocal Harbour
Authorities and others. The Maritime and Coastguard Agency (MCA), under the Department for
Transport, serves as the principle maritime coordinating entity and has recently published
comprehensive navigation safety standards that apply to wind farms to be built or operated off
the UK coast (see Appendix E).

Some of the major highlights in these standards, which were revised in July 2003, require a
developer to:

1) Perform an *“up to date traffic survey ... include all commercial traffic, but also fishing
vessels and pleasure craft.”

2) “Identify in the risk assessment ... increase in risk of collision between vessels and wind
energy facility structures ... under all reasonably foreseeable weather and tide height
conditions or between vessels under all conditions.”

3) Identify “limitations on the use of such sites and adjacent waters for non-transit purposes
e.g. fishing, day cruising, ... dredging, anchoring ”’; and

4) Evaluate and propose “protective measures and safety zones ... include recommendations
for the safe operating distances from the structures. These may include the size and types
of vessels and those activities that may continue to operate and exercise rights of
navigation.”

Navigational Risk Assessment For An Offshore Wind Energy Farm Page 3
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The following table breaks down the United Kingdom’s Maritime and Coastguard Agency
(MCA) navigation safety requirements into their major regulatory elements and briefly
summarizes the core of the standard. The depth of the table reflects the comprehensive nature of
the MCA navigation safety regime that applies to offshore wind energy facility proposals.

Table 1. United Kingdom Requirements for Proposed Wind
Energy Facility Developments

UK/ MCA Required Element * Additional Detail *
1) Perform marine traffic survey — at least 4 weeks

Account for routes & density

Account for seasonal variances & events
2) Account for commercial vessels
3} Account for fishing & pleasure vessels

4) Conduct safety risk assessment - explore 3 options
Account for aggravate/mitigate weather current,
depth ...

5) Identify risk/frequency of collision - vessel-to-structure

- vessel-to-vessel

6) Identify marine traffic changes

7)  Identify site use limits - include fishing, day cruising, racing etc.
8) Identify Search and Rescue impact
9) Prove turbine & power shut-down - see detailed Annex*
e  Minimum stop time - 60 seconds
— clear all vessels w/ minimum of 18m (59
« Minimum blade clearance ft.)
s  Stop blade control — within 5 degrees of blade arc
+  Manned control center - 24 X 365
10)  Provide emergency access & egress from tower
structure - ladders & hatch
11)  Evaluate electronic interference - include AIS
12)  Evaluate radar impacts -~ include blind spots
13} Evaluate sonar impacts
14)  Evaluate electromagnetic impact — indude effect on navigation compass

15)  Evaluate visual navigation site blocking
16)  Evaluate acoustic masking

17)  Evaluate tidal stream impact

18)  Evaluate siltation changes

19)  Evaluate wind mask & shear - on nearby vessels

21} Evaluate and propose vessel mitigation &
protective measures - see detailed Annex*

22)  Propose vessel safety zones &for safe operating —Annex* has risk class of sites:
distances “High/Med/Low"

Notes: *Refer to Appendix €

Navigational Risk Assessment For An Offshore Wind Energy Farm Page 4
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Mitigation Strategies — International Applications

The purpose of a generic risk assessment effort is to identify a project’s risk and to present a
mechanism to control the risks identified. Mitigation strategies and recommendations, as a
means to manage risk, should accompany a risk assessment. This same approach should be
applied in assessing the navigation risk of a proposed offshore wind energy facility.

Once identified, described and evaluated, the navigational risks associated with the construction
and operation of an offshore wind farm can be matched with specific mitigation strategies to
attempt reduction of the risks to an acceptable level. The challenge to designers, owners,
managers, communities and authorities is to weigh the effectiveness and practicality of proposed
strategies against their cost and to determine if business, economic and operating limits are
satisfied while the elements of public safety and welfare are also met.

Risk mitigation strategies are applied in other countries during the three major stages of
development of an offshore wind farm (design, construction and operation) to address inherent
navigation safety risks. Different strategies are appropriate during each phase, and in some cases
have been codified in some, i.e. European, standards and regulations that govern offshore wind
farm development.

A review of operating offshore wind farms and those currently under development revealed a
range of strategies that have been employed to mitigate navigation safety risks.

Design Phase Mitigation Strategies

Typically designers and regulatory authorities identify and apply limits or criteria at the earliest
stages of design to eliminate or significantly reduce unacceptable navigation risk factors. These
limits are commonly applied prior to or in the early site selection and preliminary design
processes. The United Kingdom, in offering up sites owned by the government for possible
wind farm development, eliminated sites that were regarded as environmentally sensitive and
those sites whose sea-lane or seabed activity was incompatible with wind farm development.
Sites developed in Denmark and other {ocations were selected due to their great distance from
existing maritime channels and fairways. Others have been situated in shallow water to take
advantage of natural protection from ship collisions.

Early design decisions regarding wind turbine generator propeller length and hub height or the
method for laying transmission cables, can mitigate or exacerbate navigation risk factors from
the beginning of concept development. Site evaluation and selection criteria should be identified
early in the onset of a project and applied as pass/fail criteria to eliminate sites that are
incompatible with safety, the environment or the public welfare. Building in mitigating factors,
or wholly eliminating selected navigation risk factors, at the outset of the design process avoids
the need for expensive and disruptive technical add-ons or operating limits during the later stages
of development, or during operation. Land area restrictions, as an example, can be applied from
the onset of design to mitigate risk. For example, the UK began its offshore wind farm program

Navigational Risk Assessment For An Offshore Wind Energy Farm Page 5
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by imposing a maximum area limit (10 km?) and a limit to the number of wind turbines (30) for
their development on UK sovereign coastal zone sites®.

Construction Phase Mitigation Strategies

An examination of existing offshore wind farms and those under development reveals an almost
universal mitigation strategy employed while offshore wind farms are being constructed.
Navigation warning lights and buoys are installed as well as aerial warning lights throughout the
construction area and on any deployed vessels. Ship and aircraft navigation warnings and
bulletins accompany the physical warning devices.

Typically, shipping, fishing and recreational boating are excluded from an area under
development for the duration of construction. Various measures of excluding ships and boats are
utilized. Some specify a blanket prohibition covering the entire site of the facility and others
identify specific distances from the tower positions or cable laying activities. The UK’s
Scarweather offshore wind farm employed a total ban of all vessels during construction.
Scotland’s Solway Firth facility banned all vessel navigation within 350 meters (380 yards) of
the tower sites and all trawling and anchoring within 100 meters. Denmark imposed a ban on all
trawling activity within the Horns Rev wind farm site. Ireland’s Arklow Bank wind farm bans
all vessel activity within its boundaries for the life of the project.

Operating Phase Mitigation Strategies

A wide range of mitigation strategies has been employed when offshore wind farms reach the
operating phase. Air and marine navigation aids such as lights, sound devices, buoy markers and
navigation chart notes and warnings are common to all facility sites. Both blanket and limited
anchoring and trawling bans have been variously imposed (see Appendix E). Several countries
have applied limited prohibitions barring vessel activities within a fixed distance of the structures

and undersea cable tracks7.

It should be noted that while construction limits and exclusions might be inconvenient — they
pass with time. However, operating phase mitigation procedures, limits and exclusions tend to
be permanent for the life of a project (typically 20-25 years). Requiring watch standers in the
control tower carries a significant economic impact for the wind farm operator. Excluding
fishing activity or limiting private boating access for navigation safety carries its own impact on
the fishing community and on the boating public.

Mitigation Requirements — A United Kingdom Case Study

The UK’s Maritime and Coastguard Agency (MCA) requirements for offshore wind farm
developments follow the general risk management principal of matching specific risks with
specific mitigation measures (see Appendix E). This matching of risk assessment elements with
mitigation options is clearly evident in the “Required Elements” summarized in Table 1.
Emergency mechanisms and procedures naturally flow from the navigation risk process
established in the MCA’s requirements,

Navigational Risk Assessment For An Offshore Wind Energy Farm Page 6
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Additionally, these MCA navigation and safety requirements assign individual site risk
classifications to each proposed wind farm development. Site risk classifications are based on a
wind farm’s water depth and its proximity to “shipping routes, channels and recognized
fairways.” The Annex of the MCA standards defines Lower, Medium and Higher risk wind
farms and follows each designation with specific examples for risk mitigation (see Annex 2 to
Appendix E).

The MCA requirements identify * Higher risk” wind farms as “structures situated in areas with
more than seven meters (twenty-three feet) of water below chart datum close to or across
shipping routes.” Cape Wind’s proposed wind farm for Nantucket Sound would clearly receive
the UK’s designation as “Higher Risk.” The MCA requirements follow this risk designation with
a list of “Examples of Additional Marine Routeing Measures ...” or navigation risk mitigation
options. The complete listing can be found in Annex 2 of the MCA standards; its more
significant elements are captured below:

e .. safety zones up to 50 meters;

e ... monitoring by radar, Automatic Identification System transponders;
e .. continuous watch by multi-channel VHF;

e .. use of guardship or guardships ;

..declaration of “Area to be avoided (ATBA) around the whole wind farm and up to
300 meters from the extremities;

e ... continuous vessel monitoring/information service using radar;

... closure of nearby shipping routes where there are suitable alternatives...”

L
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RISK ASSESSMENT “BEST PRACTICES”

At present there does not appear to be any body of standards that have been assembled, validated
or promoted by the growing alternate energy industry, or by manufacturers and suppliers to that
industry, that govern or guide a navigation risk assessment for offshore wind farm development
sites. Simularly, there is no body of recognized experts that offers guidance in this area other
than Det Norske Veritas, an international classification society that has published guidelines for

the design of wind turbines and is developing rules for offshore wind turbine structures®.

Expertise has been built in the private sector in those countries that have spawned offshore wind
farm facilities and specifically in the engineering and service sectors that have driven or
supported those projects. One such engineering company (Ramboll — Virum, Denmark) with
significant credentials arising from experience with the offshore wind industry has publicly
released its risk assessment methodology. Samples of its assessment methods for navigation
safety risk and for marine pollution risk can be found at Appendices F and G, respectively.

Ramboll and other commercially applied methodologies provide a “Best Practice” guide
exemplifying a proven approach where no other industry standards have been made mandated or
published. The methodologies described in the Appendix F and G also provide important
examples of the application of the prescribed international standards and requirements covered in
the previous section.

Navigation and Ship Collision Risk Analvsis — A Danish Model

In their paper, “Ship Collision Risk for an Offshore Wind Farm,” the authors, C.F. Christensen,
L.W. Andersen & P.H. Pedersen, present a method for performing a navigation ship collision
risk analysis and apply an established model for calculating collision frequencies (see Appendix
F). They emphasize the results of this risk analysis as the first step in evaluation of a potential
site for a wind farm and additionally to form the basis for planning mitigation strategies to
reduce collision frequencies. Their method was applied to the preliminary design phase of the
Rodstand offshore wind farm in Denmark, where seventy-two turbines of approximately two
megawatts each were planned, for a combined capacity of 150 megawatts. The towers formed a
nine by eight grid spaced at intervals similar to the Cape Wind project, which is one-third mile,
by one-half mile apart. The farm covered a total area of approximately nine square miles where
the depth ranged from sixteen feet to twenty-eight feet. A transformer module or control tower
was also constructed in the field. Construction of the farm was to span a period of three years.
The Rodstand wind farm is located approximately 6.5 nautical miles from shore and
approximately 4.4 nautical miles from the nearest shipping lane.

The Christensen, Andersen and Pedersen methodology and model is driven by the following four
inputs 1dentified as key to producing a sound analysis and decision model:
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¢ Vessel traffic, in terms of the amount and distribution of vessel traffic in the area near the
wind farm;

e Navigational routes and environmental conditions in the vicinity of the wind farm -
including wind, wave and current in the area;

» Geometry of the wind farm and the water conditions in the area; and

* Vessel accident probabilities, common failures leading to accidents and their scenarios
(based on casualty history).

Christensen, et. al have designed a maritime collision and risk model with a method of
determining vessel collision frequency and collision consequence. The Christensen, et. al,
methodology includes a risk mitigation feature to determine the effect of mitigation strategies on
both the frequency and consequences of collisions. Gathering the above information is perhaps
the most important step in assuring the model’s value when it is applied at other wind farm
locations. Christensen, et. al, determined not only the vessel type and size but also the routes
taken, distance from the wind farm and the number of trips made.

As a last step in their methodology, Christensen, et. al, determined the type and likelihood of
failures that vessels navigating in the area could suffer. They considered all manners of
possibilities from loss of propulsion, loss of steering, human error, as well as the tendency of
ships to “wander” due to heavy wind and current in the area. Conservatively, they assumed that
all vessels suffering a failure that could reach the wind farm would collide with one of the
towers. They accounted for the distance that a “stricken™ vessel would drift before an anchor
could be deployed or before additional vessels would arrive to render aid. Finally they used
industry-recognized rates derived from actual ship casualty data and calculated the probability of
failures occurring.

The results from applying the Christensen, et. al, methodology will vary widely based on each
wind farm’s design and location and the vessel traffic in the area. However, some of the
observations they made as a result of applying their risk methodology are nonetheless revealing:

e Human error had the strongest probability for causing failure, followed by loss of
propulsion, with steering failures being the least likely of the three;

¢ The number of vessel collisions with towers is extremely dependent on the distance at
which vessels routinely pass by the wind farm; and

» Actual vessel casualty records for the location should be resecarched and used to “truth-
check” the results obtained from the model.
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The results that Christensen, et. al, obtained were completely dependent upon the actual routes
and distances vessels took when passing the proposed wind farm location. A second
independent check of vessel transits was made using actual radar plots of the area over an
extended period of time. Their initial assumption that vessels safely used the internationally
designated transit route some 4.4 nautical miles from the wind farm proved wrong. A substantial
number of vessels were found to pass within only hundreds of yards of the proposed location
yielding a totally different and higher risk result. Based on the new data, Christensen, et. al,
concluded that a complete re-evaluation of collision risk was necessary. Christensen, et. al did
not present the consequences of a vessel collision with a tower through either an assessment of
damage to the tower or to a vessel, its contents or to crew and passengers.

Marine Pollution Ship Collision Risk Analvsis — A Second Danish Model

The paper, “Risk of Oil Pollution due to Ship Collision with Offshore Wind Farms,” provides an
another “best practice” example in risk assessment (see Appendix G). In it the authors, S.
Randrup-Thomsen, Lars Andersen and Jette Kjaer Gaarde, present a method of performing a risk
analysis to determine the risk of oil pollution resulting from a vessel colliding with a proposed
wind farm tower. Their method was published for the Horns Rev wind farm located twenty-two
nautical miles off the coastal city of Esbjerg in Denmark. The farm has eighty turbines and
towers for a total capacity of 150 megawatts. The towers form a ten by eight grid, spaced at
even intervals of 1,840 feet. The farm covers a total area of about eight square miles with water
depths ranging from twenty to forty-three feet. A transformer station or control tower is also
located in the field. The Horns Rev wind farm lies roughly one nautical mile from the nearest
shipping lane.

The methodology of Randrup-Thomsen et. al, is very similar to that used in the previous paper
(Christensen, et. al.) on navigation risk analysis. The same strong emphasis is placed on defining
the number, type, and size of vessels as well as their contents and the specific routes taken in
passing the wind farm location. The frequency of vessel collisions is calculated taking into
account the environmental conditions (i.e. wind, wave and current) and the design of the wind
farm. The authors add in two new dimensions to the vessel collision model, namely oil spill
scenarios and oil pollution consequences, to predict the oil pollution result from the forecast
collisions.

Randrup-Thomsen et. al. developed their oil spill scenarios to consider the consequences of the
vessel/tower collisions to determine the amount of hull damage suffered by a colliding vessel. In
short, they produced a conservative, comprehensive methodology building on the Christensen,
et. al, navigation risk model to predict consequences (oil pollution and vessel damage) of vessel
collisions in offshore wind farms.

Their or a similar methodology, if applied in the Cape Wind assessment, would have greatly
enhanced its accuracy and immediately revealed the severity of a marine safety or pollution
incident resulting from a vessel collision with a Cape Wind tower structure.
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OVERVIEW OF UNITED STATES STANDARDS AND BEST
PRACTICES

Presently there are no specific United States federal or state statutes designed to govern the
construction and operation of offshore wind electrical generating facilities. Various bills were
introduced or were pending before Congress in 2003 that would have established specific
legislative authority (as exists for deepwater port facilities or for oil and gas exploration facilities
on the outer continental shelf) but none were passed. Similarly no specific regulatory regime or
review process has been established for the siting, design or operation of these offshore facilities.

The US Army Corps of Engineers (ACOE) has taken the lead among the concerned federal
agencies to evaluate the Cape Wind Associates project application to construct a wind farm in
Nantucket Sound (see Appendix D). Under Cape Wind’s proposal, the Nantucket Sound
offshore wind farm would be the first such facility in the United States and worldwide it will be
exceeded in size by only the Arklow wind farm off the coast of Ireland.

Cape Wind Associates will provide the data and analysis to the Corps covering the
environmental assessment for the proposed project. The Commonwealth of Massachusetts
agreed to cooperate and coordinate their needs with the Corps in the review of a joint

federal/state Environmental Impact Statement / Environmental Impact Reportz.

In October 2003, the ACOE identified a total of five additional optional sites to be further
explored and compared by Cape Wind Associates in the EIS against thetr Horseshoe Shoal
proposal. The ACOE identified the following as impact areas that need to be addressed and
compared in exploring the preferred and optional sites: avian, marine/habitat, fisheries and
benthos, aviation, telecommunications, navigation, socio-economic, cultural/historic properties,
aesthetic/landscape/visual, recreation, noise and vibration, water quality, electric and magnetic
fields, air and climate, safety, engineering and economics (see Appendix D).

The US Coast Guard, as a participant in the ACOE review process, established analysis
requirements (Appendix B) to gauge the impacts of the Cape Wind project “on navigation safety,
and also on search and rescue, operations, communications, radar and positioning systems.” The
Coast Guard identified specific elements in its requirement for a navigational safety risk
assessment. In the following table, these Cost Guard requirements are placed side-by-side and
compared with those of the UK as contained in the MCA requirements discussed earlier.

e e S —
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Table 2. United Kingdom/MCA Standards vs. U S Coast Guard

Requirements
UsCcG
Required Common Element UK/MCA Standard* Requirement**
1) Perform marine traffic survey Yes — at least 4 weeks Yes
Account for routes & density Yes Yes
Account for seasonal variances Yes Yes
& events
2) Account for commercial vessels | Yes Yes
3) Account for fishing & pleasure Yes Yes
vessels
4 Conduct safety risk assessment | Yes - explore 3 options Yes
Account for aggravating or Yes : Yes
mitigating weather current,
depth etc. conditions
5) Identify risk/frequency of Yes — vessel-to-structure Yes
collision
- vessel-to-vessel Yes —and
groundings
Evaluate collision consequence No Yes
Evaluate damaged tower No Yes for a range of
structure integrity vessels speed/size
6} Identify marine traffic changes Yes Yes
7 identify site use limits Yes - include fishing, day cruises, racing Yes — constraints
efc. on navigation &
anchoring
8) Identify Search and Rescue Yes Yes — in detait
impact
9) Prove turbine & power shut- Yes — see detailed Annex* No
down
+  Minimum stop time Yes - 60 seconds No
e Minimum blade clearance Yes — clear all vessels w/minimum of 18m No
(59 ft.}
+ Stop blade control Yes — within 5 degree of blade arc No
« Manned control center Yes — 24 X 365 No
« Emergency radio guard Not Specified No
10) Provide emergency access & Yes — ladders & hatch No
egress from tower structure
11}  Evaluate electronic interference | Yes — include Automatic Identification Yes — include
System Automatic
Identification
System
12)  Evaluate radar impacts Yes — include blind spots Yes - in detait
13)  Evaluate sonar impacts Yes No

Navigational Risk Assessment For An Offshore Wind Energy Farm
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Table 2. United Kingdom/MCA Standards vs. U S Coast Guard
Requirements (cont'd)

USCG
Required Common Element UK/MCA Standard* Reguirement**
14)  Evaluate electromagnetic impact | Yes - include effect on navigation compass | Yes — include
compass &
navigational
systems
15}  Evaluate visual navigation site Yes No
blocking
16) Evaluate acoustic masking Yes — of
navigational aids
17)  Evaluate tidal stream impact Yes No
18)  Evaluate siltation changes Yes No
19)  Evaluate wind mask & shear Yes — on nearby vessels No
20)  Evaluate impact of ice buildup No Yes
21)  Evaluate and propose vessel Yes — see detailed Annex* No
mitigation & protective
measures
22)  Propose vessel safety zones Yes —Annex * has risk class of sites: No
&/or safe operating distances “High/Med/Low" risk

Notes: * Refer to Appendix E
** Refer to Appendix B

A high degree of similarity in the MCA and USCG requirements is evident from this
comparison., One major difference between the two sets of requirements is that the MCA
standards require the identification and proposal of mitigating measures as part of the risk
analysis, including emergency procedures and systems for stopping the turbines and power
generation. The USCG requirements place their major emphasis on risk identification, analysis
and specific assessments such as vessel groundings and ice buildup, as a first step.

There is another and perhaps more significant difference between the MCA standards and the
USCG requirements for a navigation safety risk assessment for an offshore wind farm. The
MCA requirements are national standards that presumably will be uniformly applied throughout
the UK. The USCG requirements are local in nature and were designed by the Coast Guard’s
Marine Safety Office in Providence, Rl to apply to the Cape Wind Nantucket Sound proposal.
Lacking a national statutory or regulatory regime, there is no assurance that these same USCG
requirements should or will ever be used in another part of the US.

As a footnote to this analysis, it should be noted that growing emphasis in the past two years has
been placed on the security of important domestic facilities. A selection of Security Zones,
Safety Zones and Restricted Areas have been variously employed by the USCG extending
security measures to sensitive areas and facilities including total exclusion of maritime users.
Neither the Coast Guard nor Cape Wind’s assessment makes an evaluation of the future security
aspects for the proposed wind farm.
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A REVIEW OF A NAVIGATION SAFETY RISK ANALYSIS

The primary objective of this study is to assess the adequacy of Cape Wind’s navigation study.
International standards and “Best Practices” that apply to offshore wind farms provide a
benchmark against which Cape Wind’s navigation risk assessment can be measured. Toward that
end, a comparison between United States and United Kingdom standards and the ESS study was
conducted, and the results are presented in the Table 3 below. The UK MCA standards and the
USCG requirements have been combined to eliminate duplication. Where a standard is
attributable solely to the UK’s MCA standards, highlighting has been applied for emphasis.

A “Yes” designation in Table 3 indicates Cape Wind’s apparent full compliance with the
combined MCA/USCG requirement. A “No” designation indicates a failure to comply with the
combined requirement. “Partial” indicates that a portion of the combined requirement has
apparentty been met by Cape Wind. The “Unknown” designation reflects that insufficient
information was available in the Cape Wind assessment to make a comparison. A “Fails Best
Practice” designation was used to indicate that the Cape Wind assessment did not apply or
follow a best practice methodology such as discussed in the earlier section and found at
Appendix F and G.

Table 3. Comparison United Kingdom/USCG Requirements &
Cape Wind's Assessment.

United Kingdom/MCA Standard* ESS {(Cape Wind's)
USCG Requirement** _ Risk Assessment***
1) Perform marine traffic survey — for at least a four week period Partial
Account for vessel routes & density Partial
Account for seasonal variances & events in vessel activity Yes
2) Account for commercial vessels Partial
3) Account for fishing & pleasure vessels Partial
4) Conduct safety risk assessment — explore a minimum of 3 options Fails Best Practice
Account for aggravating or mitigating weather, current, depth etc. No
conditions
5) Identify risk/frequency of collision: vessel to structure; vessel to vessel, Fails Best Practice
and groundings
Evaluate collision consequence Partial
Evaluate damaged tower structure integrity for a range of vessels’ speed Partial
and size
6) Identify marine traffic changes Partial
7) Identify site use limits - include fishing, day cruising, racing No
8) Identify Search and Rescue impact in detail Yes
)] Prove turbine & power shut-down - see detailed MCA Annex Unknown
». Minimum stop time - 60 seconds Unknown
o Minimum bladé clearance - dear all vessels w/ minimum of 18m-(59 ft.) | No
« Stop blade control — within 5 degrees of biade arc Unknown
«..Manned control center ~ 24 hrs:X 365 days Unknown
« Emergency radio guard Unknown

L
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Table 3. Comparison United Kingdom/USCG Requirements &
Cape Wind’s Assessment. (Continued)

United Kingdom/MCA Standard* ESS (Cape Wind's)
USCG Requirement** Risk Assessment***
10}  Provide emergency access & egress from tower structure — equip w/ Yes
ladders & hatch
11)  Evaluate electronic interference — include Automatic Identification System | Partial
12}  Evaluate radar impacts — include blind spots Partial
13}  Evaluate sonar impacts No
14)  Evaluate electromagnetic impact — include navigation compass Partial
15)  Evaluate visual navigation site biocking No
16) . Evaluate acoustic masking — of navigational aids Yes
17)  Evaluate tidal stream impact No
18)  Evaluate siltation changes No
19)  Evaluate wind mask & shear — on nearby vessels No
20)  Evaluate impact of ice buildup Partial
21)  Evaluate and propose vessel mitigation & protective measures—~ see No
detailed MCA Annex*
22}  Propose vessel safety zones B/or safe operating distances — MCA Annex * | No
has risk class -of sites; “High/Med/Low" risk

Notes: * Refer to Appendix E
** Refer to Appendix B
¥k ESS Group... Assessment dated 8/18/03

This comparison revealed that Cape Wind’s assessment would have satisfied a few of the MCA
and US Coast Guard requirements. However, the assessment would have failed to meet or only

partially satisfied the majority of the MCA standards and US Coast Guard requirements.

The sections that follow discuss the results of the above comparison where Cape Wind’s
assessment appears at variance to the UK MCA standard or to USCG requirements, or both.

Marine Traffic

This report identifies new marine and waterway traffic, routes and density information for
Nantucket Sound that was not reflected in the Cape Wind assessment. Specifically, commercial
ships were identified as users of the Main Channel in Nantucket Sound that were both greater in
number and in size than those considered by the Cape Wind assessment. The significance of
these data is to increase both the vessel traffic and the threat of collision and pollution beyond
that examined in the Cape Wind risk assessment.

Traffic Survey and Density

The following vessels, missing from the Cape Wind assessment, were recently identified as
entering Nantucket Sound and using the Main Channel to transit the length of the Sound (in the
case of the offshore fishing fleet from New Bedford) or to transit to Vineyard Sound from

Nantucket (in the case of the cruise ships):

Navigational Risk Assessment For An Offshore Wind Energy Farm Page 15

PROPRIETARY CONFIDENTIAL — DO NOT PHOTOCOPY



/,J The McGowanGroup, LLC

Table 4. Recently Identified Vessels Using Nantucket Sound’s
Main Channel

GT/DWT | Max

Vessel Name Type Length | Beam | Draft *x¥ Speed Cargo
LONE RANGER Yacht 254’ 43 18.5 1890 Not Not
known known
CLIPPER ADVENTURER | Cruise 3307 53.% 15.5' 4,364 14 kts. 122
person
s
YORKTOWN CLIPPER Cruise 257 43’ 8’ 976 Not Not
known known
GRAND CARIBE Cruise 183’ 40’ 6.5 761 Not 100
(ITC*) known person
S
GREAT GULL Tanker | 276’ 55’ 16.6 1,729 Not 30,000
Depth) known barrels
Various (200 — 250) Comm. | 60-110" | Var** { Var Var Var Fish
boats fm New Bedford | Fishing
Estimate (70} boats fm | Comm. | 30— 60" | Var Var Var Var Fish
various fish ports Fishing

Note: * International Tonnage Convention
** Var = Various dimensions
*** GT/DWT = Gross Tonnage/Deadweight Tonnage

There are several important issues associated with these newly identified vessels as well as
others that the Cape Wind assessment did identify. The first and most obvious issue is that a
larger number of vessels present within or adjacent to the wind farm facility significantly
increase the chance of vessel collision(s) with a wind turbine generator structure.

The size of the above listed larger cruise vessels, yacht and tanker all exceed the size of the
vessel (M/V EAGLE) that the Cape Wind assessment chose as a worse case “model” for
collision incidents. The Ship Impact Analysis is a critical step in validating the structural design
for the sixteen-foot diameter wind tower base. For an unknown reason, the Cape Wind
assessment identified another vessel (M/V ATLANTIS) whose size also exceeds that of the
EAGLE, yet failed to use the larger ATLANTIS as the worst case for ship impact. The ship
impact analysis concern is further discussed under Collision Consequence below.

Fishing vessel transits also deserve close attention for since the position of the wind farm
approaches to within 500 yards of the “Main Channel.” The last two rows in Table 4 are
representative of the fishing vessels that populate Nantucket Sound including those that transit to
offshore fishing grounds and those that fish in the Sound proper. An estimated two hundred to
two hundred and fifty commercial fishing vessels regularly transit the Sound and use the “Main
Channel.” An additional seventy or more vessels fish in Nantucket Sound. ldentifying the
specific characteristics of these vessels is difficult due to the independence and mobility of
fishing activity and practice.

Navigational Risk Assessment For An Offshore Wind Energy Farm Page 16

PROPRIETARY CONFIDENTIAL - DO NOT PHOTOCOPY



_/,A TheMcGowan Group, LLC

Marine Traffic Routes and Density

The Cape Wind navigation risk assessment placed emphasis on the ferries that operate year-
round and whose routes pass in close proximity to the wind farm. Other vessels, smaller than the
ferry EAGLE, were legitimately dismissed from the risk analysis as presenting a less severe case
than modeled by the EAGLE for collision incidents. Still other vessels, larger than the ferry
EAGLE were dismissed from detailed analysis based on the erroneous assumption that their
deeper draft would lead to grounding before they could strike the base of a wind tower.

There are two valid approaches in defining a marine traffic profile to submit to subsequent
navigation risk analysis. The first is to use a detailed statistical method as presented by the
authors discussed in the earlier “Best Practice™ examples (refer to Appendices F and G).

An alternate approach would be to develop a conservative marine traffic profile based on the
capacity and capability of the waterway or route under consideration. As an example, the Main
Channel that the wind farm abuts has a controlling depth of thirty feet. It, or specifically Cross
Rip Shoal, was first designated as a Federal navigation project at that depth in 1930. The ACOE
has continued to maintain that designation for Cross Rip Shoal qualifying the channel for federal
maintenance using public funds, The US Coast Guard has maintained the navigational aids along
the Main Channel and its connecting arteries to Vineyard Sound and to the ocean through Great
Round Shoal channel and Pollock Rip channel. The USCG Waterway Analysis and
Management System (WAMS) is a national process administered by each CG region or district
to analyze and review the aids to navigation in the nation’s waterways. The most recent WAMS
study for Nantucket Sound describes its waters, as follows:

“The main thoroughfare through the Sound is Nantucket Sound Main Channel. ...
This Environmentally and Navigationally Critical waterway hosts ... recreational
vessels ... numerous deep draft cruise ships ... and commercial fishing vessels &
passenger ferries year round. The majority of Cape Cod and the Islands’
recreational ports access Nantucket Sound resulting in severe vessel congestion
during summer months. In the event that the Cape Cod Canal is closed due (o ice,
fog or marine incident, Nantucket Sound is the primary route, along with
Martha’s Vinevard Sound, that vessels use to transit around the Cape.” ?
{emphasis added)

Note: The Coast Guard assigns the criticality of U.S. waterways under one of several categories:
Non-critical, Militarily Critical, Environmentally Critical and Navigationally critical’®.  As
recorded above, Nantucket Sound has been assigned criticality designations under both the
Environmental as well as Navigation categories.

The Main channel’s capacity is for large ships with drafts up to thirty feet. The channel’s
capability is not only to serve Nantucket Sound traffic but (as described in the CG WAMS

analysisg) also to provide an alternate shipping transit lane around Cape Cod in times of very
severe weather or emergency. A conservative approach in defining a marine traffic profile
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would be to choose a vessel with a draft of thirty feet as the “model” or worst-case vessel.
Representative dimensions and tonnage could be assigned to this worst-case vessel for
submission to a navigation risk and impact analysis. The result would be a wind farm structure
designed to withstand the largest vessel the waterways could carry accompanied by mitigation
measures designed to accommodate that vessel.

There are approaches other than the above-described methods for determining and applying
marine traffic data for a risk assessment and impact analysis. Whatever the approach selected,
determining the marine traffic profile is the critical first step to any subsequent analysis. To
proceed with the design of a wind farm without accounting for and applying an accurate traffic
profile can result in building “bottle-necks” into the marine transportation system or designing
substandard wind farm structures, or both.

Nantucket Sound as a Marine Traffic Route

As mentioned earlier the Coast Guard WAMS process has categorized the main waters of
Nantucket Sound as both Navigationally Critical and Environmentally Critical. The gravity of
these designations is suggested by their definitions. These terms are defined as follows:

“Navigationally Critical Waterways (CN). Waterways where a degradation of
the aids to navigation system would result in an unacceptable level of risk of a
marine accident affecting the national economy due o the physical
characteristics of the waterway, difficult navigational conditions, aid
establishment difficulties, or high aid discrepancy rates

Environmentally Critical Waterways (CE). Environmentally Critical Waterways
are waterways where a degradation of the aids (o navigation system would
present either an unacceptable level of risk to the general public, or to sensitive
environmental areas, because of the transport of hazardous materials or

dangerous cargoes (such as LNG, chemicals or explosives)”

Risk Assessment Process

This review of the Cape Wind navigation risk assessment revealed that it did not apply a
methodology or practice that determined the frequency of collisions in an analytical way. It does
not appear that Cape Wind’s methodology applied either the principles or the concepts described
earlier in the “Best Practices.” Cape Wind’s assessment fails to examine or acknowledge the
actual marine casualty history of vessels transiting Nantucket Sound. Please see below for the
results of our casualty investigation. Finally, no examples were found of an operating or planned
wind farm in Europe that located the proposed facility directly adjacent to active shipping
channels. While the assessment used depth limitations to mitigate collisions from large vessels
through groundings, this use may not accurately reflect the conditions of the channels or of the
waters surrounding the wind energy facility’s proposed location. There is no barrier based upon
the waterway’s capacity or from an examination of its depth proﬁle”, given the wind farm’s
proposed location, which would prevent vessels with drafts in the range of 20 feet to 30 feet from
leaving the Main Channel at any one of several locations and striking a wind turbine tower.
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Similarly, no barrier can be found that would discourage deeper-draft vessels from entering the
wind farm’s proposed location from the east and striking a tower.

The assessment’s model or “worst-case™ vessel (EAGLE) has a draft of 10.2 feet and a full load
displacement that approaches 1,400 long tons. The Cape Wind assessment’s marine traffic
survey failed to identify a larger body of vessels that use the proposed wind farm’s waters as
well as vessels with significantly deeper drafts and significantly larger full load displacements.

Finally, Cape Wind’s assessment may overemphasize the safety benefit of common safeguards

such as the COLREGS' and their burden on vessel operators, of navigation systems and of
navigational aids both electronic and physical. As is acknowledged, measured and applied in the
“Best Practices™ (through the probability factors) marine casualties have and will continue to
occur in spite of these safeguards.

The McGowan Group examined the commercial vessel casualty record maintained by the Coast
Guard for Nantucket Sound for the previous ten years (1992 -2002). The number of reported
casualties to commercial vessels was found to be substantial, with seventy-three instances
investigated during the period. When personal casualty and injury reports were eliminated from
this record as well as incidents occurring on the far eastern or western reaches of Nantucket
Sound, thirty-seven reports of casualties remained that occurred to vessels and their equipment in
the main body of the Sound. Of these casualties eleven were found to have occurred within five
nautical miles of the boundaries of the proposed wind farm and three of these incidents were
collisions within one nautical mile of its boundaries. ‘

There was no use found of wind or fog as aggravating factors in the Cape Wind risk assessment.
Both factors are referred to in the USCG WAMS analysis as being significant concerns for the

waters of Nantucket Soundg.

Recent additional vessel casualty incidents in late 2003 and early in 2004 continue to validate the
threat that vessel failures pose to the proposed wind farm as well as to vessels themselves should
they collide with a wind farm tower structure. Commercial ferries continue o lose power and
control and drift from the Hyannis to Nantucket routes and channels potentially into the proposed
wind farm location. The ferry FLYING CLOUD suffered just such a failure in both December
2003 and in March 2004. A cargo mishap (LPG tank truck) in January 2004 aboard another
ferry, the KATANA, apparently was caused by severe wind and waves. The ferry in returning to
Hyannis with the onboard emergency was forced to traverse through the proposed wind farm
location driven by the prevailing east to northeast winds.

Collision Consequence

The Cape Wind navigation risk assessment evaluated the consequence of a collision by a vessel,
modeled after the ferry EAGLE, against the structural failure limit of a wind turbine tower only.
It did not present or explore damage to the colliding vessel or to its cargo.
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Given the observations made under “Marine Traffic,” described above, the USCG requirement
for a detailed analysis of the consequences of vessel collision is valid and should be fully
pursued. With the proposed wind energy facility’s position adjacent to a deep draft channel and
active ferry routes, the consequence to a striking vessel should be examined as well as the
consequence to a wind turbine tower structure. These examinations, as driven by collision
frequency, should include injury to passengers aboard, as well as holing of a ferry, cruise vessel,
fishing vessel and of a large tank vessel carrying heating or fuel oil. The “Best Practice”
methodology presented by Randrup-Thomsen et. al in Appendix G readily lends itself to such a
vessel damage investigation. Randrup-Thomsen et. al propose the method which could be
applied to examine the oil pollution consequence resulting from a collision of a large vessel such
as the GREAT GULL with a cargo capacity of 30,000 barrels of fuel oil with a wind turbine
tower.

The wind turbine tower structure impact analysis preformed in the Cape Wind assessment,
defines and selects a “Ultilization Factor” as the measure of tower structural integrity after a .
collision. According to the Cape Wind assessment, “A Utilization Factor less than 1.0 indicates

ability of the tower and foundation structure to sustain impact ! With this definition, a vessel
collision that produces a Utilization Factor equal to or greater than 1.0 will cause the tower and
blade and/or the tower foundation to fail.

The Cape Wind “worst case” scenario for the striking vessel was the ferry EAGLE that produced
a Utilization Factor of 0.95 when its collision with a tower occurred at a speed of twelve knots.
Without questioning the specific model used in the assessment for the tower structure, the Cape
Wind assessment method suggests that a collision by any one of the larger vessels (i.e. LONE
RANGER, CLIPPER ADVENTURER, or GREAT GULL) would produce a Utilization Factor
exceeding 1.0. Simply put, any vessel larger than the EAGLE colliding with a tower at twelve
knots or higher speed would cause complete failure of the tower and blade and/or its foundation
structure. Tower failure caused by a striking cruise vessel or tank vessel could have catastrophic
safety and/or pollution consequences far beyond damage to the wind energy facility
infrastructure.

Cape Wind’s assessment that a vessel would survive a collision with a tower without flooding
and sinking is unsubstantiated. Fishing vessel casualties have sadly and consistently
demonstrated that a high-energy collision by an older fishing vessel, while causing little tower
damage, would likely result in rapid flooding of the engine space and sinking of the vessel (if
holed) within a matter of minutes. -

Vessel-on-Vessel Collisions

The analysis that the Cape Wind assessment offers for vessel-on-vessel collisions appears
misguided. The use of the design standards of the American Association of State Highway and
Transportation Officials and of the Engineering Handbook of the Institute of Traffic Engineers to
analyze collisions between vessels is baffling. Cape Wind’s analysis of high-speed, small boat
maneuvering around wind tower bases while interesting, contributes little to a navigation safety
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risk assessment. Effort would be better spent in an analysis of commercial vessel-on-vessel
collisions since this wind energy facility’s placement abuts a shipping lane. The Cape Wind
project, for a location that has already experienced a history of vessel collisions, may well
influence vessels transiting the Main Channel and increase their risk of collision.

The Coast Guard issued a specific requirement (see Appendix B) for the Cape Wind’s
assessment to perform “An analysis of any increased danger of vessels colliding with each other
or grounding due to the installations.” This requirement appears designed to generate a close
scrutiny of risk to vessels that become “crowded” in their transits by the proposed wind farm
installation. The Cape Wind infrastructure will place new obstacles before vessels that formerly
traversed unimpeded in the area as well as vessels forced into the area by unfavorable wind,
current, ice or emergency condition. Ferry operations, in particular, are reported to be pressured
towards or into the proposed wind farm area by easterly and northeasterly winds. The Cape Wind
assessment does not contain such an analysis.

Operating Limits and Mitigation & Protection Measures

As indicated earlier, our analysis revealed that Cape Wind’s assessment did not apply a
methodology or practice that determined the frequency of collision or the risk to the facility in
any quantifiable manner. With the exception of traditional navigation aids, there are no
recommendations in Cape Wind’s navigation risk assessment regarding operating limits and
mitigation measures that would apply during the project’s design, construction (1% - 2 years) or
operating phases. In sum, the Cape Wind assessment begs the conclusion that the proposed
twenty four square mile facility is so benign as to require only navigation lights, some sound
signals, new buoys and notations on marine charts. Cape Wind’s assessment is that the wind
farm poses no added risk to current waterway users and requires no mitigation measures to
manage the minimal risks it might face during construction and operation.

Cape Wind’s position on navigation risk and minimal mitigation measures stands at strong odds
to the international record established at other wind farms. As indicated earlier, existing offshore
wind farms employ substantial operating restrictions and mitigation measures strongly impacting
waterway users. These same wind farms occupy much smaller water arcas, are located in
shallower water, operate a greatly reduced number of generator towers and are removed at great
distances from shipping lanes when compared to the Cape Wind proposal. Given the importance
of these factors to manage the risks identified in a realistic assessment, operating limits and
mitigation measures should have been identified and announced at the earliest stages of Cape
Wind’s energy facility’s design.

The most significant design factor that will drive operating limits and mitigation measures in the
Cape Wind project is the proposal to locate the wind energy facility directly adjacent to shipping
channels and ferry routes. The need for waterway use limits is driven further by the decision to
place the wind farm in the center of an area known to be an active fishing ground and the locus
of a substantial concentration in recreational boating.
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The Cape Wind navigation risk assessment fails to fully account for the following realities that
are likely to require mitigation actions to be taken at some point in the wind energy facility’s
development and operation:

{. Construction of the tower structures along the boundary of the Main Channel in
Nantucket Sound may require channel use to be restricted or closed for deep-draft vessels
for an extended period of time impeding marine transportation including fuel and
supplies to the Nantucket Sound islands.

2. During construction of the wind energy facility, all marine traffic (except for construction
vessels) may be restricted from the twenty-four square mile confines of the entire facility;

3. During and after construction trawling or dragging activity by fishing vessels may be
prohibited for the life of the project;

4. During and after construction all vessels with mast heights exceeding seventy-four feet
may be prohibited from entering the wind energy facility for the life of the project;

5. After construction the wind energy facility may be required to maintain a continuous on-
site control room presence with an active radar and radio watch to initiate or pass
emergency transmissions, such as an emergency stop order for turbine blades and the
transmission of electricity, for the life of the project;

6. After construction or during periods of high vessel activity, the wind energy facility may
be required to maintain a continuous radar, radic and or boat guard capability to assist
vessels in distress and/or to maintain vigilance over any operational boating restrictions;

7. During and after construction, anchoring may be prohibited within the wind farm
boundaries as well as adjacent to the paths of transmission cables for the life of the
project to preclude the possibility of large vessels dragging anchor in high winds or in
low visibility conditions; and

8. After construction, exclusionary zones may be required throughout the wind farm or
around the base of each tower for the life of the project.

Likely Impacts on Waterway Users

Determining the need and type of operational or other mitigating actions depends first upon a
marine traffic survey and then upon the results of a risk model to forecast collision frequency.

Fishing Vessels
As recognized in the USCG WAMS® study and the Coast Pilotl3, obtaining vessel traffic
information and generating a marine traffic profile is particularly difficult for the fishing vessel

population that passes through or fishes in Nantucket Sound. Information provided by a varicty
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of sources, including marine surveyors and vessel owners/operators, revealed that up to two
hundred-fifty fishing vessels, as indicated in Table 4, routinely transit the length of Nantucket
Sound on voyages to and from offshore fishing grounds. In times of bad weather or when
making repairs, these vessels also have needed to use the General Anchorages surrounding the
proposed wind energy facility location.

The Cape Wind assessment identified eighteen fishing boats and an unspecified number of
scallop dragger/herring seiner boats in its traffic survey. Working with knowledgeable, local
fishing interests, approximately 70 fishing boats that fish in Nantucket Sound were identified that
would be negatively impacted by the proposed wind farm’s location.

Acknowledgement of the wind farm’s potential impact on this fishery is particularly important
since conversations with many of the local fishermen attribute 50 - 60% of their livelihood to
fishing Nantucket Sound and the Horseshoe Shoal area. Conversations with these fisherman
revealed that the National Marine Fisheries Service recently reduced fishing fleet “days-at-sea”
averages by some 40% for groundfish. The result of this action will be to exert increased
pressure on the Nantucket Sound fishery as boats that previously fished offshore return to the
Sound, in an effort to reduce their days-at-sea to the new limits.

The typical profile of vessels that fish in the Sound, and specifically in and around the vicinity of
Horseshoe Shoal is:

s Vessel size: 30 feet — 72 feet;

o Gear/method used: Bottom otter trawl, Scottish seine, Scallop dredge, Clam dredge, Pots
& traps and Mid-water trawls;

e Catch: Scup/Porgie, Squid, Striped Bass, Bluefish, Atlantic Bonito, Butterfish,
Clam/Quahog, Flatfish, Summer & Winter Flounder, Lobster, Atlantic Mackerel, Black
Sea Bass, Skate, Tautog, Atlantic Herring, Conch.

A significant number of the boats are homeported in the Sound’s main fishing ports: Chatham,
Harwich, Hyannis, Falmouth, Nantucket and Martha’s Vineyard“. Others hail from Point Judith,
RI to Cape Elizabeth, ME and travel the distance to follow the catch. All who drag or trawl for
their catch will be impacted by the construction and operation of the wind farm on this active
fishing ground. The Cape Wind assessment is silent about future fishing activity within or
adjacent to the wind energy facility.

Given the restrictions on fishing activities commeonly imposed at the majority of existing
European wind energy facilities, the likelihood of similar restrictions being imposed at Cape
Wind facility is high. Internationally, restrictions on fishing commonly apply to dragging,
trawling, and anchoring. The majority of the boats trawling/dragging in Nantucket Sound employ
the following techniques at the indicated gear length behind their boat:

¢ Bottom otter trawl — 200 - 600 feet with an attached dredge
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» Scottish seine — two miles of line with attached net covering an area up to % square mile

e Hydraulic quahog/clam dredge — seventy- five feet of cable and hose with attached
dredge

Using these techniques, the proposed 0.34 nautical miles minimum separation between towers,
or the alley that vessels could navigate shrinks to 1,720 feet if a typical fifty-meter exclusion or
safety zone is imposed around each structure’s base. Imposing a fifty-meter zone has become
standard practice at existing wind energy facilities and is mentioned in the UK’s MCA standards
for even medium risk wind energy facilities. Given the length of trawl, the practice of following
bottom contours, the wind and current conditions in Nantucket Sound, as well as the basic
navigating methods employed by most older fishing vessels, this shrinkage will effectively
eliminate all trawling/dragging within the entire confines of the wind farm.

While the exact catch or the value of the Nantucket Sound fishery has not been determined. The

value caught, for species inhabiting Nantucket Sound, was approximately $280,000,000 " in
2001 for the state of Massachusetts. It is certain that the Nantucket Sound fisheries portion of the
catch represents a significant share of the 109,000 metric tons total caught that year as well as of
its value. Fishermen that ply Nantucket Sound are clearly heavily invested in the fishery. The
Nantucket Sound fishery makes a substantial contribution to the state’s fishery and to the region.

Recreational Vessels

The vessel height analysis presented in the Cape Wind assessment, as well as the comments in
the Coast Guard’s review letter (Appendix C), were both evaluated. Once again the concern
arose with the assessment’s selection of the ferry EAGLE as a worst-case scenario, similar to the
concern identified in the previous section on vessel collisions and ship impact analysis. In this
instance the EAGLE, again selected as the assessment’s worst-case, is not the vessel with the
greatest mast height utilizing Nantucket Sound.

The Cape Wind assessment examined the mast height for recreational boats up to sixty-five feet
in length but, for some unknown reason, not for recreation, yacht or sailing vessels longer than
sixty-five feet in length. Cruise vessels, vachts or large sailing vessels with mast heights
exceeding seventy-five feet face the greatest danger of being struck by a rotating wind turbine
blade if they were to enter the circumference of the blade sweep. All vessels in a marine traffic
survey should be examined for mast height. Mitigation action should then be identified and
proposed to address the danger faced by vessels with large mast heights.

This is more than an academic exercise for the waters of the proposed wind energy facility.
Discussions with harbormasters and marina interests in close proximity to the central portion of
the Sound estimate that as many as seventy-five to one hundred boats (with lengths greater than
sixty-five feet and mast heights exceeding seventy-five feet) visit the central portion of the
Sound during the summer season.
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This 1ssue demands closer examination to identify the full risk to “tall” vessels and propose
appropriate mitigating action. The actions contained in the United Kingdom’s MCA standards
regarding emergency procedures for monitoring, controlling and stopping the turbine blades are
helpful. They may however, need to be expanded for a Nantucket Sound location. Qutright
exclusion of all vessels with large mast heights may be necessary for the life of the Cape Wind
project. A live radio “watch,” a radar system monitored by the wind energy facility operator, an
emergency communication system and security boats operated by the wind farm may also need
to be employed to ward off or to respond to vessels with large heights of mast.

Anchoring Vessels

The Cape Wind assessment examined the ability of vessels to anchor in and around the wind
park after construction, and concluded that no restrictions to anchoring would be needed. This
conclusion was reached based on an examination of fluke depth penetration for different anchors
(4.5 feet for the EAGLE) and compared favorably to the depth to which cables will be buried (6
feet) within the boundaries of the facility. While this outcome may sound favorable for vessel
operations in the area, it 1s at odds with the anchoring restrictions encountered at many of the
operating, international offshore wind farm locations. Anchoring in high, variable current areas
within or adjacent to the wind farm may also increase the risk of anchor strike to a submarine
cable.

Cape Wind’s assessment proposes burying the cables to a depth of six feet below the Sound’s
seabed. At this cable depth, one and one-half feet of covering material will be left as a safety
margin below which anchors, such as carried by the ferry EAGLE and MARTHA’S
VINEYARD, are not predicted to penetrate. Given that anchorages surrounding the proposed
wind farm have water depths up to sixty feet, the Cape Wind proposal represents a mere 2.5%
safety margin at those depths. This safety margin could quickly disappear due to bottom
scouring action of the present current patterns or due to changes in stltation and bottom sediment
transport induced by the introduction of new marine substructures in the area. Shallow
installation of cable, scouring of the bottom, or sediment transport of the seabed induced by wind
tower structures could expose anchoring vessels to an increased risk of striking wind farm
submarine cables. Please also refer to the Environmental Influence section below.

It appears that the Cape Wind conclusion regarding anchoring was reached without examining
the impact of vessel anchoring maneuvers on collision frequency. Vessels maneuvering to or
from anchorage face an increased risk or losing power, steerage and control. Vessels at anchor
face an increased risk of dragging anchor in high current areas, during severe weather or when
improperly attended. Anchorages or anchoring operations in areas adjacent to wind farms
increases the risk of damage to wind farm structures and vessels alike. Permitting anchorages in
high current areas may also raise the risk of uncovering a buried submarine cable.

The wind energy facility location proposed by Cape Wind is virtually surrounded by the general
anchorages “I”, “G”,”H”, and “J” indicated on maritime charts and described-in the Coast
Pilot."" '* While smalier vessels may pose reduced risk of damage to the wind farm
infrastructure, substantial risk of harm and damage is posed by the tower structures to these
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vessels. Anchoring restrictions need to be examined in the context of mitigating damage to
vessels either in colliding with a wind tower or being struck by a turning wind turbine blade as
discussed under Recreational Vessels above.

The mitigation actions discussed in the previous section restricting anchoring are consistent with
the practices followed at other wind energy facilities in international locations. Little stock can
be placed in the “wide” 640-yard by 1080-yard spacing between towers or the premise that boats
and ships can steer in straight lines between the rows of towers. Experience in marine casualty
investigation has demonstrated that straight course lines or intentions can be instantaneously
erased when a mechanical failure occurs, or when wind, wave, current or poor visibility
adversely affect vessel navigation. While 130 towers may help troubled mariners and boaters
report their location and rescue forces to better plot their search and response, immovable
concrete and steel structures in any waterway remain obstructions and increase the likelihood
and potentially disastrous consequences of casualties to vessels.

Electronic Interference

The Cape Wind assessment also identifies expected impacts to various electronic equipment and
systems. Each area addressed by Cape Wind is reviewed below:

Radar and Sonar Systems
Cape Wind’s assessment offers results of actual shipboard tests of surface search radar reported

from observations taken at the Horns Rev wind energy facility with no negative impacts
reported. No information is offered with regard to the impact on surface to air radar or Air
Traffic Control (ATC) radar systems. Media accounts in the previous year have reported land
based wind farm interference with both military (surface to air) and ATC radar.”® This reported
interference should be brought to the attention of the FAA, FCC and the appropriate elements
within DOD.

No mention is made or assessment offered regarding the proposed wind energy facility’s impact
on Sonar systems. The USCG did not require the assessment of this impact. This issue should be
called to the attention of the appropriate elements of DOD.

Electronic Communication and Positioning Systems

The Cape Wind assessment offers the results of actual shipboard tests of VHF radio systems
reported from observations taken at the Horms Rev wind energy facility with no negative impacts
reported. No mention is made or assessment offered regarding the proposed wind energy
facility’s impact on UHF, Microwave communication systems or television systems. Recent
studies of land based wind energy facilities and prior research by the International
Telecommunications Union indicate that wind towers and turbine blades may obstruct or
interfere with signals in the UHF, microwave and TV ranges.16 This issue should be brought to
the attention of the FAA, FCC and the appropriate elements within DOD.
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Cape Wind’s assessment offers the results of on-scene acoustic tests reported from background
“noise” measurements taken from a small boat in the vicimty of the proposed wind farm with no
negative impact reported. Noise levels produced by the wind turbine generators are predicted to
fall below the ambient noise levels measured on Nantucket Sound.

Cape Wind’s assessment also explains that the inner array of connecting electrical cables among
the wind turbine generator towers as well as the submarine cables connecting the facility to land
should produce no negative impact on positioning systems including a magnetic compass.
However, the assessment is silent on the potential electromagnetic impact of the wind turbine
generators and/or structures on other vessel positioning systems such as the maritime Differential
Global Positioning Service (DGPS). This issue should be brought to the attention of the USCG,
FAA and FCC. '

Visual Navigation

No mention is made or assessment offered regarding the proposed wind farm’s impact on visual
sight navigation. The USCG did not require the assessment of this impact. Traditional navigation
methods practiced on the Sound among recreational, fishing and racing interests rely heavily
upon “line of sight” navigation and the ability to distinguish landmarks during both day and
night. The presence of so many structures and associated navigation lights may seriously inhibit
this type of navigation particularly for the large number of commercial fishing vessels known to
actively fish or transit the area. This issue should be brought to the attention of the USCG.

Environmental Influences and Impact

The USCG did not require an assessment of changes to tide, wind, or siltation that may be driven
by the proposed wind farm as part of the Cape Wind navigational assessment.

The Coast Pilot" singles out Nantucket Sound especially in the area from Cross Rip Shoal to
Hedge Fence Shoal (approximately 4 nautical miles west of the proposed wind farm boundary)
for special caution due to high velocity currents (2.5 knots) that occur particularly during storms.
As mentioned earlier in the Anchoring Vessels section, high, variable bottom currents raise the
question of bottom sediment transport and its impact on anchoring risk. High bottom currents
also bring into question the impact of sediment transport induced by new wind farm submarine
structures. The Cape Wind assessment also fails to explore sediment transport and its potential
impact on wind farm substructure stability. :

The Coast Guard required an evaluation of ice buildup on navigation. Cape Wind’s assessment
concerning ice provided anecdotal information only based on limited, informal observations in
February 2003 without commenting directly on the impact to the “Main Channel”.

The 2003/2004 winter brought severe and sustained cold weather to the Nantucket Sound area.
It was reported that temperature and ice conditions in the Sound were among the worst observed
in over a hundred years. Ice clogged and closed the channels on several occasions repeatedly
interrupting ferry operations. The Coast Guard mounted and sustained ice-breaking operations
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and eventually had to reset buoys that had been moved off of their stations by ice cover and
floes.

It should also be noted that the draft Det Norske Veritas standards for offshore wind turbine
structures include extensive requirements and guidelines for the calculation of minimum ice

loads on these structures including those located in sheltered coastal waters.®

Qil Pollution

The USCG did not specifically require Cape Wind’s assessment to cover the likelihood,
frequency, size and results of a marine environmental pollution incident from a vessel collision
with a wind tower. The CG did require an evaluation of the “... likely consequences of a
collision (What-if) analysis” (see Appendix B) that could include the impact of marine pollution
resulting from a collision. The international “Best Practice” described in Appendix G
substantiates that the examination of oil pollution potential as a result of a vessel/wind tower
collision is part of the vessel consequence process.

The McGowan Group examined the marine pollution record maintained by the Coast Guard for
Nantucket Sound for the previous ten years (1992 —-2003). The number of pollution incidents
reported and investigated during the period was fifty-six cases. Land-based incidents, cases that
could not be linked to a specific vessel, as well as cases occurring on the far reaches of
Nantucket Sound or in its harbors were eliminated from further consideration. Additionally smali
pollution incidents (with a potential spill equal to or less than 5 gals.) were ignored for the
purpose of this analysis. Twelve reports of marine pollution remained that resulted from vessels
in the main body of the Sound. Of these twelve pollution incidents, two were found to have
occurred within five nautical miles of the boundaries of the proposed wind farm.

The expediency for examining the potential for oil pollution effects is heightened due to the
known oil preduct traffic that routinely passes the proposed wind farm boundaries. Pollution
potential is of heightened concern with the passage of a large tank vessel (e.g. GREAT GULL)
carrying a total fuel oil capacity approaching 1.3 million gallons, which uses the Main Channel
directly adjacent to the proposed wind farm.

Final Note
It must be noted that the draft standards for the design of offshore wind turbine structures

recently issued by Det Norske Veritas (DNV) provide detailed requirements covering the need
for investigating ship impacts and collisions.? Specifically, these pending DNV requirements call
for the following elements in a collision risk analysis for “offshore wind farms located in waters
with commercial ship traffic”:

¢ An investigation of ship traffic identifying shipping lanes, annual traffic, and ship types
and sizes for each lane;

e Wind, waves, current, ice and visibility, to be included in the calculation of collision
frequency (emphasis added),
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e Evaluation of collision frequency involving navigational error, a mechanically disabled
ship, and a steering failure for wind farms located very close to shipping lanes;

¢ Evaluation of the consequences of the different scenarios such as structural safety (e.g.
damage of wind turbine, support structure and ship), human safety (e.g. injuries and
fatalities) and the environment (¢.g. an oil spill) (emphasis added);

s (Calculation of risk for each scenario;

¢ Evaluation of whether total risk from all scenarios is acceptable. If no risk acceptance
criteria are given, then the calculated total risk should be compared with risks accepted at
other offshore wind farm locations;

e Recommendation of cost-effective or necessary risk reduction measures (emphasis
added); and

o Final risk should be verified against historical data of ship collisions and groundings
(emphasis added).

sl a Bl i e
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CONCLUSIONS

The McGowan Group was retained by the Alliance to Protect Nantucket Sound and requested to
provide independent review of and comment on the Cape Wind navigation safety risk
assessment. Based on the results of this research and analysis, as presented in the foregoing
discussion and evaluation, the following conclusions are offered:

I. The United States is far behind many other countries in setting national energy goals,
promoting non-traditional energy sourcing such as offshore wind power and in
establishing regulatory programs to support those goals. Most countries that have
offshore wind energy facilities operating, under construction, or in the planning and
evaluation stages have or are developing statutory and regulatory regimes specifically for
the siting, licensing, design, construction and operation of these facilities.

2. The United Kingdom, through its Maritime and Coastguard Agency recently issued
comprehensive national navigation safety standards {(Appendix E) that apply to wind
energy facilities to be built oftf the United Kingdom’s coast. The UK standards compare
favorably with US Coast Guard requirements developed and issued by the Captain of the
Port, Providence, RI (see Appendix B). The major difference lies in the identification and
proposal of mitigation measures as part of the UK’s risk assessment process.

3. The UK standards if applied to the Cape Wind proposal, would assign its most
demanding “Higher risk™ designation to the project due to its location in deeper water and
placement within 500 yards of active shipping channels. Other offshore wind energy
facilities operating overseas would receive lesser demanding risk designations due to
their placement in shallow water and at great distances from shipping channeis (see
Annex 2 to Appendix E).

4. The entire southern boundary of the Cape Wind project abuts Nantucket Sound’s Main
Channel. Proposal of the Horseshoe Shoal location is not only at odds with common
international practice in siting offshore wind facilities, but also threatens disruption of the
Main Channel as a marine transportation route. The ACOE has designated Cross Rip
Shoal of the Main Channel as a federal project since 1930. With that designation, the
ACOE has ensured the Main Channel’s capacity for large ships with drafts up to thirty
feet. The US Coast Guard has consistently classified the Main Channel and its
connecting waters to Vineyard Sound and the Atlantic Ocean as “Environmentally and
Navigationally Critical.” As such, the Coast Guard designed and maintains the channel’s
aids to navigation ensuring its capability to serve Nantucket Sound traffic. The Main
Channel serves as a critical alternative to the Cape Cod Canal shipping transit lane
around Cape Cod in times of very severe weather or emergency disrupting the use of the
Cape Cod Canal.

5. Cape Wind’s Tuckernuck Shoal and Handkerchief Shoal alternative wind farm sites in
Nantucket Sound also share boundaries with or are located directly adjacent to Nantucket
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Sound’s Main Channel. These alternative sites therefore face similar risks and pose the
same potential disruption of marine traffic, as does the Horseshoe Shoal location.

6. There is a substantial discrepancy between common international practice and the
minimal mitigation measures for navigation issues proposed by the Cape Wind
assessment. Cape Wind proposes navigational lighting, sound signals, private aids,
markings and notations on charts as the only safety features to offset the risks posed by
the new energy facility to current shipping, boating and fishing interests. International
practice has employed total or partial exclusion of selected groups, or, in some cases, all
marine traffic, and outright prohibition on trawl fishing or anchoring in proximity to the
offshore wind farm areas. The United Kingdom standards (Appendix E) recommend an
additional mix of safety measures for “higher risk” facilities including:

Safety zones up to 50 meters

Monitoring by radar, Automatic Identification System transponders
Continuous watch by multi-channel VHF radio

Use of guardship or guardships

Declaration of “Area to be Avoided” (ATBA) around the whole wind farm and up
to 500 meters from the extremities

Continuous vessel monitoring/information service using radar

Closure of nearby shipping routes where there are suitable alternatives

7. The Cape Wind navigation safety risk assessment and Nantucket Sound project proposal
is fatally flawed due to its fatlure to:

Develop and apply design criteria showing that placement of the proposed wind
energy facility adjacent to active shipping channels is compatible with the needs
of marine transportation, and poses necessary and reasonable risks to cruise ship
and ferry vessel, oil transport, fishing and recreational users.

Propose a tower structure whose strength was sufficient to withstand a collision
without complete failure of the tower and blade and/or the tower foundation;

Utilize recognized methodology or to perform a complete risk assessment by
examining and predicting collision frequency calibrated against actual marine
casualty and marine pollution histories;

Conduct an accurate measure of the types, routes, and density of the current
marine users of the waters of Nantucket Sound;

Assess the safety and pollution consequences, including injury and loss of life,
resulting from vesse! collisions with a wind tower;

Consider the aggravating effects of wind, fog, and current on safe navigation;
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* Recognize the inherent risk of vessel collisions in a realistic manner, without

overemphasizing common safeguards such as the COLREGS" and their burden
on vessel operators, or navigation systems and/or of navigational aids;

o Identify and propose realistic “best practice” mitigation measures to offset the
safety and environmental risks identified;

e Explore the negative impact to the Nantucket Sound fishing industry by
acknowledging that these projects will effectively cut-off all trawling/dragging
within the entire confines of the wind farm; and

¢ Highlight the threat the wind turbine blades pose to a substantial number of
sailing or other vessels (including cruise vessels) with mast heights exceeding
seventy-five feet.

8. The USCG navigation risk assessment requirements for the Cape Wind project
(Appendix B) recommended that the FAA and FCC be informed and included in
evaluation of the potential electronic interference from the wind energy facility. The
scope of the electronic investigation should be expanded to include UHF, Microwave and
TV communication and navigation frequencies. The electronic assessment information to
be presented in the DEIS/DEIR should also include the electromagnetic impact of the
tower generators and tower structures on vessel positioning systems.

9. The navigation and structural strength impacts due to ice build-up in the Main and
adjacent channels and around the wind towers adjacent to the Main Channel and
environmental assessment factors including the effects of tide, wind, current, and
scouring of bottom sediments should be fully examined.

10. The pollution consequences of vessel-to-vessel and vessel-to-wind tower collisions must
be fully explored as part of the USCG navigation assessment (Appendix B), as contained
in international “Best Practice” (Appendix G) and as proposed by the pending Det

Norske Veritas standards.

11. The Coast Guard should consider, prior to any decision regarding the pending EIS,
evaluating the impact of maritime security mitigation measures for the Cape Wind
proposals on the marine transportation system in Nantucket Sound.

S
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BILLING CODE: 3710-24
DEPARTMENT OF DEFENSE

Department of the Army; Corps of Engineers

Intent to Prepare A Draft Environmental Impact Statement (DEIS) for
Proposed Cape Wind Energy Project, Nantucket Sound and Yarmouth,

Massachusetts, Application for Corps Section 10/404 Individual Permit

AGENCY: U.S. Army Corps of Engineers, DoD.

ACTION: Notice of intent.

SUMMARY: The New England District, Corps of Engineers, has received an
application from Cape Wind Associates, LLC for a Section 10/404 Individual
Permit for the installation and operation of 170 offshore Wind Turbine Generators
(WTGs) in federal waters off the coast of Massachusetts on Horseshoe Shoal in
Nantucket Sound, with the transmission lines going through Massachusetis state
waters. The Corps has determined that an EIS is required for this proposed
project, currently the first proposal of its kind in the United States. The
applicant’s stated purpose of the project is to generate up to 420 MW of
renewable energy that will be distributed to the New England regional power grid,
including Cape Cod and the islands of Martha's Vineyard and Nantucket. The
power will be transmitted to shore via a submarine cab{eisystem consisting of
two 115KV lines to a landfall site in Yarmouth, Massachusetts. The submarine
cable system will then interconnect with an underground overland cable system,
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where it will interconnect with an existing NSTAR 115KV electric transmission line
for distribution.

FOR FURTHER INFORMATION CONTACT: Questions about the proposed
action and DEIS can be answered by Mr. Brian Valiton, Regulatory Division, U.S.
Army Corps of Engineers, 696 Virginia Road, Concord, Massachusetts 01742-
2751, Telephone No. (978) 318-8166, or by e-mail at

brian.e.valiton@usace.army.mil.

SUPPLEMENTAL INFORMATION: The proposed wind turbine array would
occupy approximately 28 square miles in an area of Nantucket Sound known as
Horseshoe Shoals between Nantucket Island and the Cape Cod mainland. The
northernmost turbines would be approximately 4.1 miles from the nearest land
mass (Point Gammon), the southeastern maost turbines would be approximately
11 miles from Nantucket, and the westernmost turbines will be approximately 5.5
miles from Martha’s Vineyard. The array of generators was established in a
northwest to southeast alignment to provide optimum utilization of the wind
energy potential. The proposed submarine cable landfall location is Yarmouth,
Massachusetts. Each wind power generating structure would generate up to 2.7
megawatts of electricity and would be up to 420 feet above the water surface.
The proposed submarine cable system, consisting of two 115 kV solid dielectric
cable circuits, would be jet-plow embedded into the seabed to a depth of
approximately 6 feet. The foundations of the WTG’s may require scour
protection. Scour protection would require the placement of stone riprap or
concrete matting on the seabed surface surrounding the foundation. The
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overland cable system would be installed underground within existing public
rights-of-way and roadways in the town of Yarmouth, Massachusetts, ultimately
connecting to an existing 115kV electric transmission line for distribution. The
approximate construction start date for the proposed project is 2004, with
commercial operation starting in 2005.

Alternatives to be addressed in the EIS will include: the no action
alternative; alternative wind park locations, including offshore vs. upland;
submarine cable route alternatives; alternative landfall and overland cable route
locations, and alternative connections to an NSTAR transmission line.

Significant issues to be analyzed in depth in the EIS will include impacts
associated with construction, operation, maintenance and decommissioning of
the wind turbines on the foliowing resources: recreational and commercial
boating and fishing activities, endangered marine mammals and reptiles, birds,
aviation, benthic habitat, aesthetics, cultural resources, radio and television
frequencies, ocean currents, and land resources.

Other Environmental Review and Consultation Requirements: To the
fullest extent possible, the EIS will be integrated with analyses and consultation
required by the Endangered Species Act of 1973, as amended (Pub. L. 93-205;
16 U.S.C. 1531, et seq.); the Magnuson-Stevens Fishery Conservation and
Management Act, as amended (Pub. L. 94-265; 16 U.S.C. 1801, et seq.), the
National Historic Preservation Act of 1966, as amended (Pub. L. 89-655; 16
U.S.C. 470. et seq.); the Fish and Wildlife Coordination Act of 1958, as amended
(Pub. L. 85-624; 16 U.8.C. 661, et seq.); the Coastal Zone Management Act of
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1972, as amended (Pub. L. 92-583; 16 U.S.C. 1451, ef seq.); and the Clean
Water Act of 1977, as amended (Pub. L. 92-500; 33 U.S.C. 1251, et seq.),
Section 10 of the Rivers and Harbors Act of 1899, 33 U.S.C. 403 et seq.); the
Outer Continental Shelf Lands Act (Pub. L. 95-372; 43 U.S.C. 1333(e)), and
applicable and appropriate Executive Orders. Additionalily, this EIS will be
prepared concurrently with the requirements of the Massachusetts Environmental
Policy Act (301 CMR 11.00 ef seq.).

Scoping. The Corps will conduct an open scoping and public involvement
process during the development of the EIS. The purpose of the scoping
meetings is to assist the Corps in defining the issues that will be evaluated in the
EIS. Scoping meetings will be held on March 6, 2002 starting at 1:30 pm at the
JFK Federal Building, 55 New Sudbury St., Conference Room C, Boston,
Massachusetts, and on March 7, 2002 starting at 6:30 pm at the Mattacheese
Middle School, 400 Higgins Crowell Rd., West Yarmouth, Massachusetts. All
interested Federal, State and local agencies, affected Indian tribes, interested
private and public organizations, and individuals are invited to attend these
scoping meetings.

The Draft EIS is anticipated to be available for public review in the
summer of 2003.

BRIAN E. OSTERNDORF
COL, EN

Commander
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U.S. Department

Commanding Officer 20 Risho Ave.
of Transportation U. S. Coast Guard East Providence, Rt 02014-1208
Marine Safety Office Phone: (401) 435-2330

United States

Coast Guard FAX: (401) 435-2399

16670
February 10, 2003
Karen K. Adams
Chief, Permits and Enforcement Section
Department of the Army
Corps of Engineers — New England District
696 Virginia Road

Concord, MA 01742-2751
Dear Ms. Adams:

Enclosed are a variety of analyses that we are requiring to be inciuded in the
Environmental Impact Statement (EIS) for the Cape Wind Energy Project in Nantucket
Sound. We have included analysis requirements regarding the project’s potential impact
on navigational safety and also on search and rescue operations, communications, radar,
and positioning systems. In addition to these analyses, any structures built will be
required to meet Coast Guard regulations for marking as private aids to navigation.

We are prepared to review and comment on the completed assessments and on other
marine navigation related information associated with the preparation of the EIS. We are
not, however, in a position to undertake data collection, conduct EIS analyses, or prepare
sections of the draft or final EIS as staff and resources are fully tasked in other obligatory
programs. However, we understand that the Coast Guard will be the source agency for
some of the data required for the assessments and we will provide the data under routine
methods upon request of the developer. -

We recommend that you forward sections 2 and 3 of the enclosure to the Federal
Aviation Administration and section 3 to the Federal Communications Commission as
these areas of concern are also within their purview,

If you have any questions, please contact the Coast Guard project POC, M, Peter Popko
at (401) 435-2380 or ppopko@msoprov.uscg.mil.
#»

Ca.ptam, U S Coast Guard
Captain of the Port

Smcerely,

Enclosure: Cape Wind - Nantucket Sound - Assessment Elements
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2/6/03

CAPE WIND ~ NANTUCKET SQUND — Assessment Elements

1. Navigational Safety:

The Cape Wind — Nantucket Sound project developers must conduct a
navigational safety risk assessment as part of the Environmental Impact
Statement. The assessment must include, but is not limited to, the following
elements:

a. A marine traffic survey in proximity to the proposed locations that includes:

- Types, sizes, and drafts of vessels.
- Typical routes.

- Density of traffic. :

- Seasonal variances In traffic.

- Marine events.

b. An analysis of expected weather conditions, current directions/velocities,
water depths and sea states that might aggravate or mitigate the likelihood of
collision with the fowers and navigational safety in general.

c. An evaluation of the risk of collision between vessels and the towers that
includes:

- Likely frequency of coliision.

- Likely consequences of collision (“What- if’ analysis).

- The ability of a tower to withstand collision damage without toppling for
a range of vessel speeds and vessel sizes.

d. An analysis of any likely changes in vessel movements resulting from the
installations.

e. An analysis of any constraints imposed by the instaliations upon local
navigation and anchoring.

f. An analysis of any increased danger of vessels colliding with each other or
grounding due to the installations.

g. An analysis of the likelihood of floating ice build-up around and between the
towers, and its pessible impact on vessel navigation,

h. An analysis and discussion of the impact on the ability of all classes of
vessels to anchor within the vicinity of the tower field.
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2. Search & Rescue

Coast Guard opinion: Searches for small vessels or people in the water (PIW)
and smaller search objects will be patrticularly affected due to the higher
helicopter and fixed wing search altitudes required. The probability of detecting
these targets will be decreased due to the presence of the wind farm.
Additionally, the presence of the towers and their rotating blades wili significantly
diminish the ability to hoist victims by helicopter in the area of the wind farm.

To gauge the potential extent of impact on search and rescue operations, the
Cape Wind — Nantucket Sound project developers must conduct an assessment
that includes, but is not fimited to, the following elements: -

a. How many search and rescue cases has the CG conducted in the Horseshoe
Shoals region over the last ten years?

b. How many of these cases involved helicopter hoists?

¢. How many were at night or in poor visibility/low ceiling?

d. How many of these cases involved helicopter searches?

e. How many times have commercial salvors (e.g., BOAT US, SEATOW,
commercial tugs) responded to assist vessels in the Horseshoe Sheals region
over the last ten years?

f. How many were at night or in poor visibility?

g. What number of additional SAR cases is projected due to allisions with the
towers?
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3. Communications, Radar and Positioning Systems:

To gauge the potential extent of impact on communications, radar and
positioning systems, the Cape Wind —~ Nantucket Sound project developers must
provide researched opinion conceming whether or not:

a. The generators and their mountings could produce radio interference such as
reflections or phase changes, with respect to any frequencies used for marine
positioning, havigation or communications, including VHF radio, Radio
Direction Finding equipment, and Automatic identification Systems.

b. The generators could produce radar reflections, blind spots or shadow areas:

- Vessel to vessel.
- Vesse! to shors.
- Racon (radar beacon) to / from vessel.

¢. The generators, in general, would comply with current recommendattons
concerning electromagnetic interference.

d. The site might produce acoustic noise that could mask prescribed
navigational sound signals.

e. The generators and the seabed cabling might produce magnetic fields
affecting compasses and other navigation systems.
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U.8. Department of 20 Risho Ave

‘ i di fficer East Providence, Rl 02914-1208
Homeland Security E?Sn.lgggs;rguoard Staff Symbol.
Marine Safety Office Providence Phone: 401-435-2351

United States
Coast Guard

Fax: 401-435-2368 )
Emall: EleBlanc@MSOProv.uscg.mil

16670
July 31, 2003

Karen K. Adams

Chief, Permit and Enforcement Section
Department of the Army

Corps of Engineers - New England District
696 Virginia Road

Concord, MA 01742-2751

- Dear Ms. Adams:

Thank you for permitting Coast Guard Marine Safety Office (MSO) Providence to review the
draft Navigational Risk Assessment, Cape Wind Project, Nantucket Sound, prepared by ESS
Group, Inc., dated June 24, 2003. It appears to have sufficiently addressed the issues raised in
MSO Provzdence s letter to you of February 10, 2003. I would recommend the following two
items be addressed:

1. In section 4.3.2 of the Assessment, “Navigation Rules” recommend that the following be
inserted:

o Rule 5, “Look-out” states that “Every vessel shall at all times maintain a proper
look-out by sight and hearing as well as by all available means appropriate in the
prevailing circumstances and conditions so as to make a full appraisal of the
situation and of the risk of collision.

2. An issue that may require clarification is blade clearance over vessels that may come
within 22 feet of a wind turbine generator (WTG) tower. The discussion in section 4.3.1
of the report (pages 13 and 14, WTG Size and Spacing} indicates there is 78 feet of
clearance above the “water surface.” The report then states that the largest (highest)
vessel that routinely navigates Nantucket Sound, the ferry M/V Eagle, would have 9.4
feet of clearance should it approach a tower. Figure 4-10 defines water surface as “Mean
Sea Level™ which, for Nantucket Sound, is 1.5 feet lower than Mean High Water, the
standard from which heights are measured by the National Oceanographic and
Atmospheric Administration (NOAA). Further, at Mean High Water or Mean Higher
High Water, the clearance for a vessel such as M/V Eagle will be somewhat (but
significantly) less than 9.4 feet. (Given that the range of tide on Nantucket Sound is only
about three feet, it appears there would still be sufficient clearance from a rotating blade).
In other parts of the Assessment, particularly when referencing water depths, typical
NOAA standards are used, i.e., water depths are measured from Mean Low Water, To be
consistent, it is recorumended that heights above water also conform to NOAA standards,
which are measured from Mean High Water, not Mean Sea Level.
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16670
July 31, 2003

My point of contact is Mr, Edward G. Leblanc, Waterways Szfety Specialist, who can be reached
at the phone number and/or e-mail address noted above.

Sincerely,

Commander, U.S. Coast Guard
Alternate Captain of the Port

Copy: CGD ONE (oan)
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Environmental Impact Statement
Scope of Work
Wind Power Facility Proposed by Cape Wind Associates, LLC

This is the Corps of Engineers scope of work for the Environmental Impact Statement
(EIS) to fulfill the requirements of the National Environmental Policy Act relevant to our
review of the permit application for 170 wind turbines in Nantucket Sound. The
Environmental Notification Form certificate issued by the state under the Massachusetts
Environmental Policy Act (MEPA) on April 22, 2002 requires much of the same
information necessary for the EIS. We are incorporating the MEPA scope and
anticipating these additional topics are needed to ensure the items specific to NEPA are
also included in the joint Environmental Impact Report/Environmental Impact Statement
(EIR/EIS). This scope was developed based upon the comments received through the
scoping meetings and letters received from the general public, special interest groups and
local, state and Federal agencies. The intent is to list the issues to be addressed; more
specifics on how to address them will be developed further through coordination with the
cooperating agencies. This scope of work is expected to be a dynamic document and will
evolve as our review progresses. We have attempted to include all issues raised into this
scope. The permit decision will be based on the public interest factors listed at 33 CFR
Part 320.4 General policies for evaluating permit applications

(http://www usace.army.mil/inet/functions/cw/cecwo/reg/33cfr320.htm#320.4 .)

We will continue to meet with Cape Wind Associates, LLC representatives and the state
and federal agency representatives to further develop the details of the alternatives
screening and field studies and to review information as it becomes available.

The EIS must contain a complete discussion of scope and purpose of the proposal,
alternatives, and impacts so that the discussion is adequate to meet the needs of local,
state and federal decision makers.

The following organization and content of the Draft EIS (DEIS) can be adapted to allow
for integration with the state’s Environmental Impact Report. The items in bold text need
to be clearly identifiable within the EIR/EIS to be evident that it fulfills the requirements
of 33 CFR Part 325, Appendix B.

The cover will identify the EIR/EIS as being a Corps permit action, state the regulatory
authority and the Corps contact person.

A brief Executive Summary will include the Corps permit authority, Section 10 of the
Rivers and Harbors Act, a summary of the purpose and need, alternatives, and both the
beneficial and adverse impacts of the proposal. As the applicant’s proposal is in a
location that is unigue with respect to the regulatory jurisdiction issues, each of the Corps
of Engineers regulatory programs and their applicability and constraints, with respect to
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this proposal, will be summarized. A summary of matigation actions will also be
included.

Purpose & Need will be described in sufficient detail to indicate the geographic range of
the alternatives analysis, and criteria to screen sites and power generation technologies
which do not fulfill the project purpose & need. The purpose is to develop a commercial
scale renewable energy facility providing power to the New England grid. The range for
“commercial scale” will be described. We concur with MEPA’s approach, including
using New England as the geographic area. We will be reviewing information previously
developed by the Massachusetts Renewable Energy Trust' to determine which renewable
energy sources may be considered feasible at the commercial scale. Projections of future
need for electricity, including the portion that should come from renewable energy
sources based on regional, state and Federal requirements and policies will be included.
The National Energy Policy recommendations will be included. Seasonal differences
may need to be included. This will be compared to the projected power generation
expected from existing facilities as well as those under construction. A brief description
of the New England power grid, physical interconnection and the power market will be
needed for context. Project description needs to include not only the structures but also
the construction, operations and maintenance and decommissioning phases. Construction
activities include transportation, staging, access, and any “onsite” assembly., A
description of the pertinent state and federal regulatory authorities will include an
explanation of the authorities of the Mineral Management Service for activities on the
Outer Continental Shelf (OCS) and the applicability of the Clean Water Act. This is
intended to inventory any existing or proposed legislation and any existing published
federal policy addressing allocation of public resources of the QOCS.

The Alternatives section will include reasonable terrestrial and offshore renewable
energy facility locations, alternative cable routes and grid interconnection points which
must be rigorously explored and objectively evaluated, as well as those other alternatives,
which are eliminated from detatled study, with a brief discussion of the reasons for
eliminating them. Initial alternatives will include alternative renewable energy
technology, and alternative commercial scale generation capacity in addition to
alternative terrestrial and offshore wind energy sites. Alternative technologies will
include wind, tidal, solar, biomass, and hydroelectric. As was stated in the MEPA scope,
based on Council on Environmental Quality (CEQ) guidance, only reasonable

' The Renewable Energy Trust was created by the Massachusetts
Legislature as an essential component of efforts to restructure the
electric utility industry and to promote the development of renewable
energy in the Commonwealth. The legislative goal is to "generate the
maximum economic and environmental benefits over time from
renewable energy to the rate-payers of the Commonweaith through a
series of initiatives which exploits the advantage of renewable energy
in a more competitive marketplace. It is completely independent of
any project proponent.
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alternatives need to be considered in detail. These do not need to be limited to those
available to the applicant. The no action alternative may be cither an alternative not
involving Corps jurisdiction or denial of the permit. Onsite modification of, or siting of
individual structures within, the final site(s) will be discussed as minimization of impacts
after final site selection. Appropriate mitigation measures for the final alternative site(s)
will be included. We expect a large number of alternatives will be quickly screened
based upon criteria which will include, but not be limited to, ISO New England
interconnection, wind quality mapping of 4 or better for wind sites, available land/water
area, tide/wave/water depth conditions, legal/regulatory constraints, water quality criteria,
engineering limitations, designated shipping channels, and environmental concemns. The
screening criteria are being developed with input from the cooperating agencies. The EIS
will include the criteria used to screen sites, and a summary of the screening process.

The cooperating agencies have been asked to provide suggested alternatives in addition to
those provided though the public scoping comment period. The initial list of sites will
include potential “Brownfield” site reuse, Massachusetts Military Reservation/Otis AFB,
expansion of other wind power sites such as Redington, ME and Searsburg, VT, public
lands such as National Forest in New Hampshire, paper company lands in Maine, and
private lands in addition to those already evaluated by the project proponent. Offshore
wind and/or tidal power sites will include three locations within Nantucket Sound, Block
Island area, south of Martha’s Vineyard, east of Cape Ann, Maine coast and near shore
industrial/urban areas. We will screen these alternatives to develop a short hist of
reasonable alternatives for site specific evaluation. Grouping of sites may be considered
if small but otherwise potentially suitable sites are in close proximity. This screening of
alternatives will be coordinated with the cooperating agencies. These will be in addition
to the alternatives required by the MEPA scope for the EIR.

Affected Environment will describe the existing resources of the final alternative sites in
terms of physical oceanography and geology; wildlife, avian, shellfish, finfish and
benthic habitat; aesthetics, cultural resources, sociceconomic conditions, and air and
water quality. Human uses such as boating and fishing will also be described. For
terrestrial sites, other uses such as hiking or hunting may be appropriate.

Environmental consequences will describe the potential direct, indirect and cumulative
impacts of each of the final alternative sites. In addition to the topics required by MEPA
the following will need to be addressed:

Avian Impacts —The Study will describe the current use of the final alternative sites by
birds, in order to establish a baseline data set. The species, number, type of use, and
spatial and temporal patterns of use should be described. Information derived from other
studies, which provides a three-year baseline data set, should be included if available.
Information should be based on (1) existing, published and unpublished research results,
especially research that describes long-term pattems in use, and (2) new field studies
undertaken for this EIR/EIS. Data on use throughout the year, especially through
November for migratory species, and under a range of conditions should be collected.
Data collection methods should include remote sensing through radar and direct
observations through aerial reconnaissance and boat-based surveys. Data gathered
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through radar should be validated with direct observations. The survey schedule is being
coordinated with United States Fish and Wildlife Service (FWS). Data collection should
allow a statistically rigorous analysis of results.

Known impacts to birds from former or current Wind Turbine Generators (WTGs) and
other tall, lighted structures (such as communications towers) should be thoroughly
reviewed in order to identify potential impacts which could result from terrestrial or
coastal structures. Issues needing to be addressed include: (1) bird migration, {2) bird
flight during storms, foul weather, and/or fog conditions, (3) food avallablllty, (4)
predation, and (5) benthic habitat and benthic food sources.

The Biological Assessment required for compliance with Section 7 of the Endangered
Species Act will be a clearly identifiable section. The species to be addressed include
Piping Plover, and Roseate Temn. Published data on avian impacts available from
existing offshore facilities will be inctuded.

Marine habitat impacts assessment should include vibration, sound, shading, wave
disturbance, alterations to currents and circulation, water quality, scouring, sediment
transport, shoreline erosion (landfall) and structural habitat alteration. Marine mammals
and turtles to be addressed include northern right whale, humpback whale, fin whale,
harbor seal and grey seal, loggerhead sea turtle, Kemp’s Ridley sea turtle and leatherback
sea turtle. Physical and acoustical impacts during construction and operation need to be
assessed. The Biological Assessment required for compliance with Section 7 of the
Endangered Species Act will be a clearly identifiable section.

Assessment of fisheries and benthic impacts needs to specifically address the
requirements for an Essential Fish Habitat Assessment per the Magnuson Stevens Act.
Studies for all final sites should include an assessment of: 1) species type, life stage, and
abundance; based upon existing, publicly available information, 2) potential changes to
habitat types and sizes; and 3) the potential for turbines as fish aggregating structures.
The study should assess potential indirect impacts to fish, mammals, and turtles that may
result from changes in water movement, sediment transport, and shoreline erosion. The
study should include an assessment of potential impacts on specific fishing techniques
and gear types used by commercial and recreational fishermen. The study should identify
all potential conflicts with existing fishery use patterns and the potential for fishery
elimination due to the consequences of the presence of the structures. The study should
include a review of existing literature and databases to identify and evaluate commercial
and recreational fish data and abundance data in Nantucket Sound. Data to be reviewed
should include: Nattonal Marine Fisheries ServiceINMFS) Commercial Data, NMFS
Recreational Data, Massachusetts Division of Marine Fisheries Commercial Data,
Massachusetts Division of Marine Fisheries Trawl Survey Data and supplemented with
intercept surveys. The potential for indirect impacts such as changes in fishing
techniques, gear type and patterns will need to be included.

The benthic field studies will provide sufficient information to compare between
alternative marine sites and to provide a general characterization of the benthic habitat of
the final sites. The data will include the Benthic Macroinvertebrate Community

Appendix
D-4



Assessment (October 2001) and additional data collection will be as described in the
Benthic Sampling and Analysis Protocol (April 18, 2002) supplemented by the ESS letter
of May 10, 2002.

The EIS will attempt to comprehensively address the interconnections between the
benthic, fisheries and avian resources. The predator-prey interactions are important
considerations in fully understanding the potential impacts in siting a project within
Nantucket Sound.

Aviation-Once a final alternative site is established for the wind farm and for each of the
turbine towers an application will need to be submitted for a determination by the Federal
Aviation Administration (FAA) that the activity will not cause an unacceptable
interference with air navigation. FAA will need the precise coordinates of each tower.
Their review will address lighting requirements, and radar interference and radio
frequency interference as described in their letter of April 12, 2002. This review may
require 6 months. It is highly recommended that this process be concluded and a
determination made so this information can be included in the DEIS. The lighting
scheme will need to minimize impacts to birds while also providing for safe aviation.
Possible impacts to telecommunication systems vary with the different
telecommunication technologies utilized in the area, and need to be considered.
Microwave transmission typically requires “line of sight” between towers; installation of
the wind turbine generators between Martha’s Vineyard, Nantucket, and the mainland
may interfere with existing transmission paths. Boaters in Nantucket Sound use a variety
of communication devices including cellular phones, pagers, and VHS radios. The EIS
will consider the possible impacts on existing and proposed communications equipment.

Commercial and recreational navigation impacts need to be addressed specifically for
construction, operation and maintenance and decommissioning. Cable installation
activities will be included. The Corps of Engineers will be working with the U.S. Coast
Guard (a cooperating agency on the EIS}) to insure that navigation impacts both to
commercial and recreational boating, including the impact on sailing vessels and
commercial fishing vessels, will be adequately addressed. A Coast Guard nisk
assessment for the overall wind farm project and a port navigation assessment may be
needed. Appropriate lighting will be addressed. National security issues may be
included based upon further coordination with the Coast Guard and Navy.

Socio-Economics-This project’s possible impacts on electricity rates and reliability in
New England and the local area need to be described. Explanation of any public funding
and any applicable tax credits has been requested. Explanation of how this may affect the
local economy including affects to employment, tourism, boating and fishing, coastal
property values and local tax revenues and other fiscal impact to local governments needs
to be included. The EIS will contain information relative to compliance with Executive
Order 12898 “Federal Actions to address Environmental Justice in Minority Populations
and Low-income Populations.” Comments have suggested that new educational or
tourism opportunities be explored.
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Aesthetic and Landscape/Visual- the assessment as described by the MEPA scope needs
to include documentation (an Appendix) of how the simulations were developed. We
concur with the approach of using the locations as specified by MEPA. Visual impacts to
any National Register-eligible site in proximity to any of the final alternatives will need
to be included.

Cultural resources-needs to fulfill the requirements of Section 106 of National Historic
Preservation Act including coordination with the State Historic Preservation Officer. In
addition to the MEPA requirements we will need to determine the “area of potential
effect”. Any impact on historic districts, buildings, sites or objects, local character and
culture, tradition, and heritage will be included. Archeological surveys may be needed
for the final site(s). Based on previous archacological and geological investigations,
Horseshoe Shoal has the potential to contain evidence of prehistoric settlement and use.
The Wampanoag Tribe of Gay Head has indicated that there may have been fishing or
whaling equipment used in that area. The Bibliography for Historic and Prehistoric
Nantucket Indian Studies by Elizabeth Little was provided by the acting Wampanoag
Tribal Historic Preservation Officer. The reconnaissance level survey will need to
address these points. A desk search of some of these sources of information will focus on
Native whaling. For the final site, prior to permitting, magnetometer and high resolution
stde scan sonar surveys will be needed sufficient to provide electronic data which can be
analyzed to assess the potential for any artifacts, such as shipwrecks, followed up by
diver reconnaissance where needed. If resources are found which are eligible for listing
on the Register of Historic Places, ways to avoid, then minimize, impacts to cultural
resources will be considered and discussed. If avoidance is not an option, a
Memorandum of Agreement may be required to mitigate potential impacts.

Recreation-Recreation impacts may be addressed within other sections such as the
fisheries, navigation and aesthetics.

Due to the potential for underwater noise and vibrations associated with construction and
operation of the facilities, some concerns have been expressed regarding the impacts on
fish and mammal habitats and migration. The EIS should include an assessment of the
magnitude and frequency of underwater noise and vibrations, and the potential for
adversely affecting fish and mammal habitats and migration. It should also include an
assessment of fish and mammal tolerance to noise and vibrations, with particular
emphasis on noise and vibration thresholds that may exist for each of the species. The
EIS will also include the potential of noise impacts to human activity at any of the final
sites.

The water quality section should include a description of the potential for spills of
contaminants into waters of the United States and the measures such as an emergency
response plan to mitigate impacts. The installation technique for the cables and affect on
water quality will be described. The types of materials to be used in the water such as
stone, metals, concrete, etc. and likely effects of interactions between water/encrusting
organisny/sediment will be assessed.
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Electric and magnetic fields (EMF}-Concerns have been raised about the potential human
health impacts of exposure to 60Hz EMF, as some studies have suggested a possible link
between EMF and health risks. The potential impact from electric and magnetic fields
produced from wind turbine generators and their associated cables, and the transmission
cable, will be considered. The Massachusetts Energy Facilities Siting Board has
previously accepted EMF levels at the edge of a transmission right-of-way of 85
milligauss(mG). The EIS should identify populations that could be exposed to 60 Hz
EMEF greater than 85mG, including human, fish, marine mammals, and benthic
organisms. There are particular concerns about possible locations for the landfalls of
transmission lines and the EMF should be specifically evaluated at those locations.

Air and climate-The EIS will include a description of compliance with the requirements
of the Clean Air Act for construction and operation phases. Any potential for impact on
the climate of the region should also be addressed.

Safety considerations will include public and employee safety through construction,
operation and decommissioning. Design standards for the structures will be explained.

List of preparers will include the names and qualifications of persons who were
primanily responsible for preparing the EIS and agency personnel who wrote basic
components of the EIS or significant background papers must be tdentified. The EIS
should also list the technical editors who reviewed or edited the statements.
Cooperating Agencies and their role in the EIS will be listed.

Public Invelvement will list the dates, locations and nature of all public notices, scoping
meetings and hearings. The scoping meeting transcripts and summary of comments
report will be provided as an appendix.

Acronym List-will define all commonly used acronyms within the text of the EIS.

Index will provide easy reference to items discussed in the main text of the EIS.

Appendices will include the lengthy technical discussions of modeling methodology, and
basehine studies of the affected environment,

Appendix
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STEPS TAKEN TO ADDRESS NAVIGATIONAL SAFETY IN THE CONSENT REGIME FOR
ESTABLISHMENT OF WIND FARMS OFF THE UK COAST'
8 July 2003

Introduction

1. The foliowing procedures are recommended for all offshore wind farms planned, constructed
and operated under United Kingdom authaority. It is intended that they are followed within the
consents process under section 34 of the Coast Protection (CPA} 1949 with section 36 of the
Eiectricity Act (EA) 1989; and when maritime aspects of the Transport and Works Act (TWA)
1992 are being assessed. As regards the EA, maritime concerns are focussed upon the burying
of cables taking power to the shore. The above routes alsc need a license under section 5 of the
Food and Environment Protection Act (FEPA} 1985,

2. The MCA reserves the right to vary or modify these standards on the basis of experience and
in accordance with internationally recognised standards in the interest of safety of life at sea
and protection of the marine environment.

3. The development of wind farms off the UK coast necessitates establishing a clear consent
regime to deal with effects that would be possibly detrimental to the safe navigation of vessels
and shipping. The consent regime must take account of national standards and local factors
that could influence the establishment of a wind farm. International aspects of the regime need
also to be considered.

Actions required of wind farm developers
4. The consent regime shall require developers to take the following steps;

4.1 Undertake an up to date traffic survey of the area concerned. This must include not only
all commercial traffic, but also fishing vessels and pleasure craft. The traffic survey
should be properly representative of traffic in the area and is likely to be of at least four
weeks duration, taking account of any seasonal variation in traffic patterns. Consultation
with appropriate clubs, representative organisations for recreational craft and fishing
federations will provide a more cormnplete picture of seasonal variations.

4.2 Conduct a safety risk assessment of the relative siting, alignment and orientation of wind
farm structures with vessel traffic flows in the particular area. The risk assessment
should be used as the basis against which the following options can be assessed.

(1) no wind farm in the area;

(i) a wind farm with conditions such as the establishment of an emergency
management systemn including a shutdown procedure and a safety zone around the
wind farm; or

{iii) a wind farm with no conditions.

4.3 Identify in the risk assessment should be tailored to the area concerned and should
demonstrate the following items and factors:

{i) knock-on changes to traffic patterns arising through vessels' re-routeing to avoid
the wind farm, including subsequent any new areas of convergence, bunching,

! includes United Kingdom internal waters, territorial waters and in any future area for their development
under UK jurisdiction established beyond territorial waters (a renewable energy zone).



4.4

choke points and the creation of new paints where crossing traffic converges or
directs marine wraffic closer towards hazards, so endangering craft, their cargoes,
craws and passengers,

increase in risk of collision between vessels and wind farm structures {including
turbine blades) under ali reasonably foreseeable weather and tide height
conditions or between vessels under all conditions *;

limitation on the use of such sites or adjacent waters for non-transit purposes.
e.q. fishing, day cruising, racing, aggregate dredging, anchoring etc.;
co-operation with local and national search and rescue authorities, taking mto
consideration the types of vessels and equipment that would used and search
patterns,

national requirements and procedures employed for turbine shutdown and how
rotor blade rotation and power transmission might best be controlled by
emergency services (standards copied at Annex 1);

emergency use of the structures by persons seeking refuge and rescue balanced
against reasonable levels of security;

foreseeable interference with shipboard systems particularly radio systems, such
as caused by reflections or phase-changes with respect to aids to navigation,
ship/shore radar and Automatic ldentification Systems (AlS);

problems for rescue services, including cbstructions to use of helicopters and
lifeboats;

preserving access for servicing of adjacent aids to navigation;

radar reflections, blind spots and shadow areas created by structures;

sonar interference caused by the structures and the generators;

electromagnetic fields created by the generators or cabling, affecting compasses
and other navigational systems;

visual blocking view of the coastline and other navigational features such as
buoys and lights,

tidal streams that could cause vessels to set into danger in the event of power or
steering failures;

other adverse effects on the set and rate of tide;

siltation, deposition of sediment or scouring created by the structures such as to
affect the navigable depth of water; and

wind masking, turbulence or sheer created around structures and impacting on
vessels nearby.

Demonstrate through the risk assessment the increased risk to navigation from the
proposed siting of the wind farm and the effectiveness of proposed protective measures
designed to mitigate that additional risk. Examples of protection measures for ship’s
routeing purposes are given in Annex 2.

5. In considering the results of the developer’s risk assessment the competent authority {the
MCA) will assess whether the site for the wind farm represents an acceptable increase in
navigational risk to enable granting of the consent, made conditional if necessary on the
developer taking and maintaining specified protective measures.

Z A minimum safe {air} clearance shall be maintained between sea level conditions at mean high water
springs (MHWS) and the turbine blades that:
.1 is suitable for all vessel structures of vessels involved in current maritime traffic flows and

operations; and additionally

.2 is no less than 18 metres.
The proposed wind farm could pose problems at high water that do not exist in low water conditions,



6. In assessing the need for protective measures and safety zones with reference to the traffic
surveys, risk assessment (referred to above) and expert opinion, developers may include
recommendations for the vessel safe operating distances from the structures. These may include
the size and types of vessels and those activities that may continue to operate and exercise
rights of navigation.

7. In navigable waters, if the appropriate protective measures include safety zones around
structures and subsea cables the safety of navigation and any persons involved in working on
the structures shall be the primary validation. Existing users' rights and activities may be
interfered with only so far, as:

-1 is necessary for purpose of safety, with avoidance of the blanket use of "Exclusion
Zones'; and

.2 when Protection measures are consistent with the principles of Article 60 of the UN
Convention on the Law of the Sea (UNCLOS) (copied at Annex 3).

8. An application for consent should also indicate the contractors’ proposals on how to bring
evidence of breach against any navigational advice or requirement established in association
with protective measures, to the attention of MCA or other relevant body to take action as
appropriate. The apptication should also cutline the methods to be employed by the developer
for promulgating necessary safety information to vessels that operate in the vicinity of the wind
farm °,

9. In the event of protective measures being required, the MCA will advise the developer
whether international agreement for them is necessary. When so advised, the developer wilt be
required to support and co-operate with the MCA at the International Maritime Organization
(IMO) for the introduction of such measures, (Recognised standards for the establishment of
safety zones and safety of navigation around offshore installations and structures are contained
in IMO Resolution A.671(16))

10. Cansent granted by the MCA shall indicate that the proposal meets suitable national and
international standards for the navigational safety of wind farm developments, providing that
any conditions specified in the consent are met.

11. Additional consideration of safety factors not included in this document will be required for
projects that utilise offshore wave, tidal power or any future offshore structures necessary for
renewable power generation.

12. National points of contact on navigation safety issues:

Navigation safety, pollution at sea and search and rescue concerns - MCA

Aids to navigation, in England and Wales - Trinity House
In Scotland — The Commission of Northern Lighthouses
fn Northern Ireland — The Commissioners of Irisk Lights

Safety on the offshore structures - The Health and Safety Executive
Charting and hydrographic information — The United Kingdom Hydrographic Office
Within the limits of the harbour authority — Local harbour authorities

3 Developers will promulgate information (e.g. footprint diagrams) on any detrimental affects to
propagation of ship and shore radio, aids to navigation, radar and Automatic identification Systems (AIS).



Annex 1

STANDARDS AND PROCEDURES FOR WIND TURBINE GENERATOR SHUTDOWN IN THE
EVENT OF A SEARCH & RESCUE, COUNTER POLLUTION OR SALVAGE INCIDENT IN OR

AROUND A WIND FARM

Design Requirements

The wind farm will be designed and constructed to satisfy the following design requirerments for
emergency rotor shut-down in the event of either a search and rescue (SAR), counter pollution
or salvage operation in or around a wind farm:

1.

All wind turbine generators (WTGs) will be marked with clearly visible unique
identification characters. The identification characters shall each be illuminated by a low-
intensity light visible from the sea at a suitable distance away from the structure. The size of
the identification characters in combination with the lighting shail be such that under
normal conditions of visibility, as to be clearly readable by an observer stationed 3 metres
above sea level under all knawn tidal conditions, equal to twice the range at which
significant interference with VHF communications is predicted. It is recommended that
lighting for this purpose be hooded or baffled so as to avoid unnecessary light poliution or
confusion with navigation marks.

All WTGs will be equipped with control mechanisms that can be operated from the Central
Control Room of the wind farm,

The WTG control mechanisms will allow the Control Room Operator to shut down any or
all of the WTGs within 60 seconds of initiating the shutdown procedure. Shutdowns shall
be limited to those WTGs in the immediate vicinity of an emergency and for as short a
period as is safely practicable to do so.

The WTG controf mechanisms will allow the Control Room Operator to fix and maintain
the position of the WTG blades:
.1 in the case of three-bladed turbines to within 5 degrees of either the 12/4/8 or 10/2/6
o'clock positions {"Emergency Shut-Down Positions”}; or
.2 in the case of two-bladed turbines, either in the 12/6 or 3/9 o'clock positiens; and

.3 as determined by the Maritime Rescue Co-ordination Centre or Maritime Rescue Sub
Centre {(MRCC/SC).

Naceile hatches should be capable of being opened from the outside. This will aliow
rescuers (e.g. helicopter winch-man} to gain access to the tower if tower occupants are
unable to assist and when sea-borne approach is not possible.

Access ladders for use in emergency shall be placed in the eptimum position taking into
account the prevailing wind, wave and tidal conditions. In many cases this it likely to be on
the down-weather side of the WTG tower.

Operational Requirements

7.
8.

The Centrat Control Room will be manned 24 hours a day.

The Central Control Room operator will have a chart indicating the WTG identification
numnbers and the GPS positions of each of the WTGs in the wind farm.

All MRCC/SCs will be advised of the contact telephone number of the Central Control
Room.



10. All MRCC/SCs wilt have a chart indicating the GPS position of each of the WTGs in all
wind farms.

Operational Procedures

11. Upon receiving a distress call or other emergency alert from a vesse!l who s concerned
about a possible collision with a WTG or is already close to or within the wind farm, the
MRCC/SC will establish the position of the vessel and the identification numbers of any
WTGs which are visible to the vessel, The position of the vessel and identification numbers
of the WTGs will be passed immediately to the Central Contrel Room.

12. The control room operator will immediately initiate the shut-down procedure for those
WTGs as requested by the MRCC/SC, and will maintain the WTG in the appropriate shut-
down position again as requested by the MRCC/SC until receiving netification fram the
MRCC/SC that it is safe to restart the WTG.,

13. The communication and shuidown procedures must be tested satisfactorily at least twice a
year.

*Precise dimensions to be determined by the height of lights and necessary range of visibility of
the identification numbers.



Annex 2

Examples of additional Marine Routeing Safety Measures to establish in association
with wind farms during operation

Measures are to be consistent with international standards contained in SOLAS Chapter V., IMO
Resolution A.572(14) and Resolution A.671(186).

A — Lower risk wind farms

All of the structures situated in areas with less than 3 metres of water below chart datum away
from all shipping routes, channels, recognised fairways and significant levels of other maritime
activity including recreational craft and fishing vessels.

Associated Routeing Measures:

Dissemination and promulgation of information through radic-warnings and notices to
mariners, including details of the nature of activities that should not be carried out within a
specified range of the structures and any adverse effects upon navigational systems.

B — Medium risk wind farms

All of the structures situated in areas with less than 7 metres of water below chart datum away
from all shipping routes, channels, recogrised fairways, but may be associated with other
maritime activity including recreational craft and fishing vessels.

Associated Kouteing Meastires:

Dissemination and premutgation of information through radio-warnings and notices to
mariners.

Safety zones up to 50 metres from the structures with monitoring by radar and a continuous
watch by mutti-channet VHF including DSC. Appropriate measures to notify and provide
evidence of infringements of safety zones.

C - Higher risk wind farms
Structures situated in areas with more than 7 metres of water below chart datum close to or
across shipping routes, channels and recognised fairways.

Associated Routeing Measures:

Dissemination and promulgation of information through radic-warnings and notices to
mariners.

Safety zones up to 50 metres from the structures with monitoring by radar, AlS transponders at
the extremities and a continuous watch by multi-channel VHF including DSC.

Use of a guardship or guardships to provide a visible indication of the limits of a safety zone, to
alert other mariners when they may be running into danger and to share in the task of
manitoring the safety of the wind farm.

Area to be avoided (ATBA} around the whole of the wind farm and up to 500 metres from the
extremities preverting access to a range of craft (e.g. vessels of over 300 GT, of over 25 metres
in registered length or carrying dangerous or polluting goods) and marine activities.
Continuous vessel monitoring/information service using radarfAlS and radar by appropriately
training staff.

Clasure of nearby shipping routes where there are suitable alternatives (subject to consultation)
Other routeing measures will be considered where warranted by traffic patterns. Appropriate
procedures in place to notify and provide evidence of infringements ATBAs or safety zones.



Annex 3

Article 60 UNCLOS
Artificial islands, installations and structures in the exclusive economic zone

1. In the exclusive economic zone, the coastal State shall have the exclusive right to construct
and to authorize and regitlate the construction, operation and use of: (a) artificial istands;

(b} installations and structures for the purposes provided for in article 56 and other economic
purposes; {c) installations and structures which may interfere with the exercise of the rights of
the coastal State in the zone.

2. The coastal State shall have exclusive jurisdiction over such artificial islands installations and
structures, including jurisdiction with regard to customs fiscal health, safety and immigration
laws and regulations.

3. Due notice must be given of the construction of such artificial islands, instailations or
structures, and permanent means for giving warning of their presence must be maintained. Any
installations or structures which are abandoned or disused shall be removed to ensure safety of
navigation, taking into account any generally accepted internationatl standards established in
this regard by the competent international organization.

Such removal shali also have due regard to fishing, the protection of the marine environment
and the rights and duties of other States. Appropriate publicity shall be given to the depth,
positicn and dimensions of any installations or structures not entirely removed.

4. The coastal State may, where necessary, establish reasonable safety zones around such
artificial islands, installations and structures in which it may take appropriate measures to
ensure the safety both of navigation and of the artificial islands, installations and structures.

5. The breadth of the safety zones shalt be determined by the coastat State, taking into account
applicable international standards. Such zones shatl be designed to ensure that they are
reasonably related to the nature and function of the artificial islands, installations or structures,
and shall not exceed a distance of 500 metres around them, measured from each point of their
outer edge, except as authorized by generally accepted international standards or as
recommended by the competent international organization. Due notice shall be given of the
extent of safety zones.

6. All ships must respect these safety zones and shall comply with generally accepted
internationatl standards regarding navigation in the vicinity of artificial islands, instattations,
structures and safety zones.

7. Artificial islands, installations and structures and the safety zones around them may not be
established where interference may be caused to the use of recognized sea lanes essential to
international navigation.

8. Artificial islands, installations and structures do not possess the status of islands. They have
no territorial sea of their own, and their presence dees not affect the delimitation of the
territorial sea, the exclusive economic zone or the continental shelf,



Ship Collision Risk for an Offshore Wind Farm

C.F.Christensen & L.W._Andersen
RAMBOLL, Bredevej 2, DK-2830 Virum

P.H.Pedersen
SEAS Distribution A.m.b. A, Slagterrivej 25, DK-4690 Haslev

ABSTRACT: The Danish government has presented extensive plans for reducing the CO; emissions by de-
veloping and improving renewable energy. Among these alternative energy sources wind energy is the most
-profitable. One of the problems with wind turbines is that they disfigure the landscape and the new trend is
therefore towards large offshore wind farms. The present paper focuses on the ship collision risk analyses and
the established model for calculation of the collision frequencies for the wind farms. In order to calculate the
collision frequencies, issues as ship traffic, navigation routes, geometry of the wind farm and the bathymetry
in the area are addressed. The ship collision frequencies forms the first step in an evaluation of whether the
location is optimal from a ship collision point of view and moreover, the analysis forms the basis for marking

the wind farm or the area around it in order to decrease the collision frequencies.

1 INTRODUCTION

The Danish government has presented activity plans
stating that the CO; emission should be reduced with
20% by year 2005 as compared to 1988. In order to
achieve this, the ratio of renewable energy should be
increased and because wind energy is the most prof-
itable the focus has been put here. The problem with
wind turbines 1s that they disfigure the landscape
and the new trend is therefore towards large offshore
wind farms located more than 10 kilometres from
the coastline. Besides the aesthetic benefit the off-
shore wind climate is better with larger mean wind
velocity and less turbulence.

The Danish power supply company SEAS has
been asked to carry out preliminary investigations
for constructing wind farms at Redsand south of
Lolland in the Baltic Sea and at Ome Stilgrunde
south of the Great Belt Link between Zealand and
Funen. These wind farms comprise 72 turbines each
with the size of approximately 2 MW giving a total
capacity of 150 MW per wind farm. Besides the
wind turbines the wind farm comprise intermal cable
connections, a trafo-module and cable connections
to shore. The trafo module is the most vital part of
the wind farm and a ship collision against the trafo
module will stop the power supply from the whole
park. Construction, installation and start of the wind
farms are planned to take place in the period 2003 to
2005, The focus in the present paper is on the wind
farm at Resdsand, but except from local conditions as

the water depth and ship traffic, the described proce-
dure is general.

The wind turbines at Radsand will be constructed
in a 9x8 grid with a distance between each of the
wind turbines of 875 m x 475 m, which means that
the entire wind farm will cover an offshore area of
approximately 6.1 km x 3.8 km.
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Figure 1 Location of the wmd farm at Radsand.

The wind farm is located 12 kilometres south of
Nysted on Lolland and the distance from the border
of the wind farm to an intemational navigation route
(the T-route) is § kilometres. This international route
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is one of the most trafficked seaways in the Danish
waters with approximately 46000 ship passages per
year. The location of the wind farm and the T-route
is shown in Figure 1.

The T-route is a typical center marked navigation
route, but 6 kilometers east of the wind farm there is
traffic separation where ships from north through
Presund meats with the east — west going traffic. At
the traffic separation the navigation route is both
side-marked and center-marked. The way of mark-
ing influences the position of the ship traffic.

In Figure 2 the actual position of the wind tur-
bines is shown together with the position of the
trafo-maodule and the power cable between the trafo-
module and the shore.
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Figure 2. Tlustration of the individual wind turbines together
with the power cable to shore for the wind farm at Redsand.
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The construction cost for an offshore farm is
much higher than a wind farm constructed on land
and it is therefore important to evaluate whether the
location is optimal. The optimal position is here seen
from a ship collision’s point of view. The present
paper is focused on the ship collision risk analyses
and the established model for caiculation of the col-
lision frequencies for the wind farms. The analyses
therefore deal with:

— Ship traffic, the number of ships and the distribu-
tion of the position of the ship traffic in the area
near the wind farm.

— Navigational routes in the vicinity of the wind
farm.

—  Wind, waves and current conditions in the area,
which are important for drifting ships.

— Geometry of the wind farm and the bathymetry
in the area,

The present ship traffic will be described in terms
of quantity, ship class distnbutions and probability
distributions for their position in the sailing route.

The procedure for the calculation and the decision
strategy is shown in the flow diagram given in
Figure 3.
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Figure 3. Flow diagram of the calculation procedure.

2 SHIP TRAFFIC AND NAVIGATION ROUTES

The ship traffic at Redsand consists mainly of ships
passing through the Femern Belt and from the Baltic
Sea. In order to describe the ship traffic in the area
around the wind farm, the annual ship movements
on different navigational routes have been estimated
on basis of data for the ship traffic. These data have
been cotlected from the ports in the Baltic Sea, VTS
(Vessel Traffic Service) registrations in the Great
Belt and in Oresund and the traffic through the
Kieler Canal. A number of navigational routes have
been defined and the yearly number of ship move-
ments on each of these routes has been estimated on
basis of the collected data. The navigational routes
considered are sketched in Figure 4.

Figure 4. Navigation routes around the wind farm at Radsand.
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There are 4 main waterways 1n the vicinity of the
wind farm, which corresponds to 8§ navigational
routes when the sailing direction is taken into ac-
count. The most important route (denoted 1 and 2) is
the international navigation route called the T-route.
The guaranteed water depth in the T-route is 19 me-
tres. The other routes (3-4 and 5-6) are ferry routes
between Denmark and Germany located on each
side of the wind farm with the distance 10 and 21
kilometres. The last route (7-8) is between Liibeck in
Germany and the Baltic Sea. The ship traffic is de-
scribed with respect to the number of yearly move-
ments and the ship size distribution in GRT and is
based on the information from the pilots and port au-
thorities, the Kieler Canal and the VTS registrations.

In Table 1 and Table 2 is shown the navigational
route and comresponding number of yearly ship
movements distributed on ship classes. The relations
between ship class and GRT, ship length, draft and
width of ship are based on statistical data from
Lloyds Register of Ships and this statistical base are
used in the frequency calculation.

Ship GRT Femern-  Baltic-  Gedser-

class Baltic Femern  Rostock
Route - 1 2 3

1 0-250 1904 1904 0

2 251-500 1577 1577 0

3 501-1000 1767 1767 0

4 1001-1500 1679 1679 0

5 1501-2000 1657 1657 0

6 2001-3000 2282 2282 0

7 3001-4000 4331 4331 995

8 4001-6004 4882 4882 236

9 6001-10000 2882 2882 1169

10 |10001-25000 806 806 927

Total - 23773 23773 3327

Table 1. Annual traffic distribution on the first three routes and
the relation between ship class and GRT.

Ship | Rostock- Radby-  Putg.- Liibeck-  Balfic-

class | Gedser Putg. Redby Baltic  Liibeck
Route 4 5 6 7 8

1 0 0 0 22 22

2 0 0 0 22 22

3 0 0 0 78 78

4 0 0 0 243 243

5 0 0 ¢ 243 243

6 0 1144 1144 415 415

7 995 0 0 620 620

8 236 0 0 982 982

9 1169 173520 17520 2517 2517

10 927 0 0 1685 1685

Total 3327 18664 18664 6827 6827

Table 2. Annual traffic distribution on the last five routes.

The number of fishing vessels in the area is very
modest and the size of these fishing vessels is also

limited, and it is hence assumed that the fishing ves-
sels are too small to cause major damage on a wind
turbine. The fishing vessels are therefore not in-
cluded in Table | and Table 2.

3 MODEL FOR SHIP COLLISION

In order to determine yearly collision frequencies for
the wind farm and the trafo-module, a model has
been constructed taking into account the variability
of the exact ship location along the considered
routes, human errors, failure on propulsion machin-
ery and steering failure, (Fujii 1983, Larsen 1993).

For the determination of the collision frequencies
for the wind farm, it is assumed that any ship that
due to one of the above-mentioned failure modes
will be located within the area of the wind farm will
collide with one of the turbines in the park area. The
frequency is thus determined as the frequency that
the ship will be within the wind farm area due to one
of the failure modes. All types of collisions whether
it will be a direct collision on a turbine or a glancing
off when touching the turbine are considered as a
collision.

The geometry of the wind farm and the trafo-
station is modelled together with the bathymeltry in
the vicinity of the wind farm. The water depth in the
wind farm varies between 5.0 and 8.6 metres.

The ship traffic is assumed to sail parallel to the
ideal navigation routes. The ship location perpen-
dicular to the navigation route is assumed to follow a
distribution given as a uniform plus a Gaussian dis-
tribution. The ration between the to distributions is
taken to be 2% uniform and 98% Gaussian, (Pyman
1983).

Figure 5. Tllustration of the geometrical ship distribution.

The 3 parameters in the combined distribution for
the 8 navigation routes are given in Table 3. The
standard deviation in the Gaussian distribution will
in general depend on whether the navigation route is
center-marked or side-marked, where a center-
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marked navigation route as in this case yields the
largest deviation.

Navigation Gaussian Uniform
Route Mean _ Sid. deviation Length

1 Om 1200 m 132000 m

2 0m 1200 m 13000 m

3 0m 500 m 8000 m

4 Om 500 m 8000 m

5 Om 500 m 6000 m

6 0m 500 m 6000 m

7 Om 1200 m 14000 m

8 Om 1200 m 14000 m

Table 3. Parameters in the geometrical model for the ship dis-
tribution transversely to the navigation routes.

The three collision scenarios: human errors, fail-
ure on propulsion machinery and steering failure are
constdered. A short description of the three scenar-
i0s 1s given in the following.

Human failure

If a human failure shall result in a ship collision
the following two restrictions must be fulfilled. The
ship has to be on collision course, i.e. have direction
towards the wind farm or the trafo module, and the
ship will have to maintain this course until collision,
thus no actions are taken in order to prevent the
collision. The probability that the collision course is
maintained is denoted “the probability of human
failure”.

Steering failure

When the steering system of a ship fails, the rud-
der will be locked and the ship will start sailing into
a circular path. The diameter of the circle depends
on the locked position of the rudder and the under-
keel clearance. According to general experience, a
full deflection of the rudder is the most typical result
of a failure of the steering system and this scenario
is considered in the present study.

Failure on propulsion machinery

A failure on propulsion machinery will cause the
ship to start drifting. The drift direction is as a first
case assumed to be likely in any direction. The drift
direction will though depend on the distribution of
the current and wind direction. If the drifting direc-
tion is towards the considered wind farm, a sideways
collision will occur, i.e. a ship without steering ve-
locity will start to drift sideways. The two other sce-
narios will result in a head on bow collision.

In modelling the collision frequencies for the
drifting ships it has been taken into account that the
reaction time from being a drifting ship to informa-
tion of the relevant authorities and arrival of a tug-
boat in order to stop the drifting ship will take a
minimum of 10 hours. This assumption limits the
maximum drift distance at Redsand to approxi-
mately 18 kilometres.

The probabilities and other parameters used in the
three scenarios are given in Table 4, (Fujii 1983,
Macduff 1974, Pedersen 1995) and werified in
(Karlsson 1998).

Scenarios Parameter Value

Probability for human error] 210~ per passage
Duration of error 20 minutes

Human error

Steering failure |Probability for steering 6,3x10 per hour
failure
Sail radius 2,5xship length

Failure in propul-|Probability for drifting ship| 1,5x10™ per hour

sion machinery |Anchoring probability 0,7

Table 4. Used prebabilities and parameters in the three colli-
sion scenarios.

4 SHIP COLLISION FREQUENCIES

Combining the stated failure modes and the traffic
description the collision frequencies can be obtained.

It is found that drifting ships, i.e. ships having
fatlure on propulsion machinery drifting towards the
wind farm, are the largest contributors to the colli-
sion frequencies. A ship with failure on its propul-
sion machinery will drift sideways in a direction that
depends on current and wind direction. The ship col-
lision frequencies related to human failures, i.e.
navigational errors, absence of navigator etc. are
very modest due to the large distance (around §
kilometres) between the wind farm and the naviga-
tion routes. Moreover, it is found that by and large
all the ship collision frequencies are related to ship
movements on the routes nearest to the wind farm
with most traffic, i.e. route 1 and 2 (the T-route),
The collision frequencies and the corresponding re-
turn periods are given in Table 5. There is no contri-
bution from steering failure due to the large distance
and the two scenarios thus also correspond to the
two collision types “head on bow” collision and
“sideways” collision (drifting ship).

Collision scenarios Frequency Return period
Drifting ships 1.8 x107 6 year
Human failure 7.1x107° 1.4 x10° vear

Total frequency 1.8 x107 6 year

Table 5. Collision frequencies and return periods for the wind
farm at Redsand.

From Table 5 it is seen that the collision fre-
quency is governed by the contribution from drifting
ships.

In Figure 6 is the collision frequencies shown as a
function of ship class. The largest parts of the ship
collision frequencies are related to rather large ships
{(between 3000 to 25000 GRT). The contribution
from ships larger than 25000 GRT vanishes due to
the limited water depth. For ships in this range of
GRT it is not practically possible and economically
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reasonable to design the wind turbine to resist a ship
collision.
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Figure 6. Collision frequencies as a function of ship size (GRT)
for the wind farm at Redsand.

Moreover it is seen that ships with GRT less than
3000 contributes significantly to the collision fre-
quencies with approximately 40%. For ships of this
size it is possible to design the turbine to resist a col-
lision, but the additional expenditures should of
cause be considered.

The colliding ships corresponding to the size dis-
tribution are typically different types of cargo ships
(tankers, container vessels, bulk carriers, etc.).

4.1 Sensitivity study

As seen from Table 5 the contribution from human
errors is very close to zero. This is due to the as-
sumption that all ships will follow the T-route with a
given deviation. This may not necessarily be true
because by sailing closer to the cost a significant
shortcut can be made. Such a route is possible for all
ships with a draught less than 4 metres. A sensitivity
study, where one fifth of the traffic with a draught
less than 4 metres is assumed to follow a parallel
shifted route 6 kilometres further north closer to the
wind farm, is being carried out.

The parallel shifted route is shown in Figure 7.
For this parallel shifted route the standard deviation
in the Gaussian distribution has been decreased from
1200 metres to 800 metres and also the width of the
uniform distribution is decreased from 13000 meters
to 8000 meters due to the shorter distance to the
shore.

The ship traffic on the new route and the reduced
traffic on the original route are shown in Table 6.

Ship | Femern-  Baltic- Femern-  Baltic-

class Baltic Femern Baltic Femern
Route la 2a 1b 2b

1 629 629 1275 1275

2 460 460 1117 117

3 998 998 769 769

4 1493 1493 186 186

5 1494 1494 163 163

6 2246 2246 36 36

7 4313 4313 18 18

8 4886 4886 2 2

9 2882 2882 0 0

10 806 806 0 0

Total 20207 20207 3566 3566

Table 6. Annual traffic distribution on the route 1a and 2a, and
the shifted route 1b and 2b used in the sensitivity study.

Based on the new traffic distribution the collision
frequencies can be obtained. The results are given in
Table 7.

Collision scenarios Frequency Return period
Drifting ships 2.1 x10° 5 year
Human failure 3.6x107 300 year
Steering failure 1.6x107° 60000 year

Total frequency 2.1 %107 5 year

Table 7. Collision frequencies and return periods for the sensi-
tivity study for the wind farm at Redsand.

From Table 7 it appears that if some of the ships
have a tendency to make a shortcut and sail closer to
shore instead of following the international T-route,
the contribution from “human failure” can become
significant.

SEAS have therefore carried out some measure-
ments of the traffic in the area in order to identify a
better estimate of the different ships’ navigation
routes. This is described in Section 7.

5 VERIFICATION OF THE OBTAINED SHIP
COLLISION FREQUENCIES

As part of the risk analysis a registration of known
actual ships’ accidents was performed. The informa-
tion was obtained for “Sevarnets Operative Kom-
mando” (the Navy) in Denmark and covered a pe-
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riod of 10 years from 1990 to 2000. In Figure 8 is
given a map showing the registered accidents.

— Nk BT E L Amromhia
X & Geographical correct position

SR L X et
% [ncludes severat groundings not
necessary correct geographical position

9

Figure 8. Registered groundir.:g' in the vicin“i'ty of the wind farm.

It follows from Figure 8 that two groundings have
occurred in the vicinity of the wind farm during the
investigated period of 10 years, Comparing this to
the obtained return period of approximately 6 years
for the wind farm indicates that the obtained fre-
quencies for the wind farm seams reasonably.

6 SHIP COLLISION AGAINST
METEOROLOGY MAST

In 1996 SEAS established a measuring mast on
Gedser Reef approximately 21 km east south east for
the new wind farm at Redsand. The water depth at
the location, which is in between the T-route and
Gedser, is approximately 6.5 metres. Just north of
the mast the reefs can be passed by ships with a
draught of less that 6 metres, and at every location
on the reef the water depths is deeper than 4 metres.

The measuring mast is a 48 metre high steel mast
founded on a steel system rammed into the seabed,
The mast is marked with light and is visible both
visually and on the radar.

A ship has collided with the mast twice in 1998
and 2000. The first time resulted in minor damage
only. The second time the mast was severely dam-
aged and it was necessary to remove the mast and
foundation completely. In 1998 the ship, a coaster of
approx. 1500 DWT, collided with the mast at night
in rough weather conditions and bad visibility. It has
not been possible to identify the ship, which was in-
volved in the second collision, hence it has not been
possible to clarify the special conditions relating to
this accident.

During the investigation of the accidents it was
observed that a large number of ships both east and
west bound, with a DWT up to 2000-3000 DWT,
passes Gedser Reef north of the T-route.

7 MEASURING PROGRAMME OF SHIP
TRAFFIC CLOSE TO THE WIND FARM

The sensitivity analysis carried out as part of fre-
quency analysis shows that the risk of a ship colli-
sion with the wind farm will increase significantly if
the ships pass north of the T-route. Based on the re-
sults of the frequency analysis and the registration of
the collisions with the measuring mast, it was de-
cided to carry out a detailed measuring programme
for the ship traffic.

Radar observations were performed along two
lines as shown in Figure 9, and the number and loca-
tions of ships passing the lines were registered in the
autumn of 2000.

Figure 9. The
tions were carricd out. The dashed lines indicates the deviation
of the traffic and the arrows indicates where the central part of
the traffic is located on these lines (preliminary results).

In the period from October to November 2000, a
total number of 516 passages were observed, this
corresponds to 6 to 7 per cent of the total traffic
through Femern Belt. Preliminary evaluations of the
data show that a significant part of the ships pass
very close south of the new wind farm, and it is the
intention to perform a more detailed analysis of the
data at the beginning of 2001. The resuits of this
analysis will form a basis for an update of the risk
analysis for ship collisions against the wind turbines
and the trafo-module.

8 RISK REDUCING MEASURES

The results of the updated risk analysis may lead to
proposals for introduction of risk reducing measures.
Such measures could be:

¢ Different types and markings

¢ Protective arrangements (especially for the trafo-
module)

¢ VST monitoring or guard vessels

The marking is the most economical manageable
but the effect of marking is not known. There is a
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risk for the ships would uses the markings as way-
peints and hereby actually increase the risk of a col-
lision because the ships will pass closer to the wind
farm. The use of way-points will be examined
through interviews with captains on minor ships.

The protective arrangements could be consider
for the very vital trafo-module.

9 CONCLUSION

As a first step the resulting yearly collision frequen-
cies for the wind farm and trafo module is calculated
and different risk reducing strategies are considered.
Based on the first analysis a measuring program is
established and an analysis of the use of way-points
are initiated. Based on these results the risk of a ship
collision should be reevaluated and the need of fur-
ther risk reducing measures considered.

The overall conclusion from the present study, is
that it is of great importance to initiate risk analysis
activities at an early stage of a project, to ensure that
proper action can been taken in the detailed design
phase if any needs are identified.

The analysis shows that thinking risk™ from the
start makes it possible to identify problem areas and
areas with importance for the design of the project.
Such areas could be actual ship traffic distribution,
location of trafo-module etc.
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Summary

The present paper describes the methodology in determining the risk of oil pollution due to ship collision
with offshore wind farms. The work have been carried out by RAMBOLL for A/S Elsam in connection
with the plans of constructing offshore wind farms at various locations along the Danish coast. The yearly
frequencies of ship collisions with an offshore wind farm have been found and consequences in terms of oil
spill scenarios related to the collisions are determined. Finally, the risk of oil pollution of the West Coast of
Jutland have been found on basis of the ship collision frequencies and the oil spill scenarios.

Keywords: Ship traffic, probability of ship collision, il spill scenarios, environmental impact, risk analysis

1. Introduction

The Danish government has presented activity plans stating that the CO,-emission should be halved at year
2030 compared to 1988. To achieve this, the ratio of renewable energy should be increased, and one of
the objectives is offshore wind farms. The Danish companies A/S Elsam and Eltra A.m.b.A have together
been given the responsibility of constructing wind farms at Homs Rev in the North Sea and south of Lase
in Kattegat. A/S Elsam and Eltra A.m.b.A. are responsible for the wind farm and for the 132 kV cable
conmection to the shore, respectively. Construction, installation and start of the wind farms are planned to
take place in the period 1999 to 2003. The wind farm at Horns Rev will be located approximately 40 km
west of the city of Esbjerg. A total of up to 80 wind turbines will be constructed, giving a total capacity of
150 MW, The turbines will be constructed in a 10x8 grid with a distance between each of the turbines of
560 m, which means that the entire wind farm will cover an offshore area of approximately 4 km x 5 km.
The turbines will be connected internally by a 20 kV cable in a radial configuration. All turbines are hooked
to a transformer station (trafo station) placed at a single platform. The trafo station is connected to the
electricity grid on land by a 132 kV offshore cable. The location of the wind farm is shown in Figure 1. The
present paper focuses on the risk of oil pollution on the coast of Jutland as a consequence of ship collision
with one of the turbines or the trafo station, and describes the results of the set of analyses

that have been carried out
in order to determine
possible oil pollution. The
results of the analyses have
been used as input to the
risk evaluation in the EIA-
description and to the risk
analysis of the entire
project including risk of
damage of the cables due
to trawling activities. For
this reason it has been
reasonable to make a
number of assumptions in
order to simplify the model.

In a later stage these assumptions have been evaluated and more detailed analyses have been carried out if
necessary. This has for instance been done for the probability-based design of the wind turbines and
foundations.



The risk assessment are based on a set of analyses carried out step wise. These analyses are dealing with
e The determination of annual ship traffic in the area
e The determination annual ship collision frequencies
e Instant consequences of a ship collision (oil spill scenarios)
¢ The consequences of an oil spill (oil pollution scenarios)
In the following sections these items will be described separately.

2. Annual ship traffic in the area

The ship traffic at Horns Rev consists mainly of ships going to and from the port of Esbjerg and of ships
from Scandinavia and the Baltic Sea heading for ports in Northem Germany. In order to describe the ship
traffic in the area around Homs Rev, the annual ship movements on different navigational routes have been
estimated on basis of data for ship traffic. These data have been collected from ports in Denmark,
Scandinavia and Northem Germany. Besides the ordinary ship traffic of commodity ships and ferries, there
is a number of fishing ships in the area. In the port of Esbjerg, there are 112 fishing ships of various sizes. It
is assumed that small fishing ships will depart and arrive almost every day, while the larger fishing ships will
go further away and will have less yearly arrivals and departures compared to the small fishing ships.

A number of navigational routes have been defined and the yearly number of ship movements on each of
these routes has been estimated on basis of the collected data. There are 5 main navigational routes in the
vicinity of Homs Rev. Three of the routes lead the ship traffic to and from the port of Esbjerg. One route is
going through Slugen north of Homs Rev between the inner and the outer reef, one is going south of Homs
Rev and one is going between Esbjerg and the English Canal. The last two routes are the routes west of
Horns Rev in northern and southern direction, respectively. The description of the ship traffic with respect
to the number of yearly movements and the size distnbution (GRT) has been divided into commodity ships
including ferries and fishing ships. The commaodity ships. On basis of information from port authonities, the
commodity ships are placed on the various routes. It is assumed that the largest part (80%) of the fishing

on the southern route towards
the English Canal. The
navigational routes are
sketched in Figure 2 together
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Figure 2 Navigational routes and markings at Horns Rev

3. Ship collision frequencies

In order to determine the yearly collision frequencies for the wind farm and the trafo station, a calculation
model has been constructed taking into account

e The variability of the exact ship location along the considered routes, Ref. [1], [2] and [3]



e  Human errors, Ref. [6]
¢ Failure on propulsion machinery and steering failure, Ref [4] and {5].

Furthermore, a geometric modelling of the wind farm and trafo station have been made. The wind farm has
been modelled as a box, and it is assumed that any ship entering the area within the box due to one of the
above mentioned failure scenarios will collide with one of the turbines. The combination of the failure
scenarios, the geometric modelling of wind farm and trafo station, the location of the navigational routes
and the bathymetry in the area yields the following results:

- Dnfiing ships, i.e. ships having failure on propulsion machinery drfting towards the wind farm, are
the largest contributors to the collision frequencies. A ship with failure on propulsion machinery will
drift sideways in a direction that depends on current and wind direction.

- A minor part of the ship collision frequencies are related to human failures, i.e. navigational errors,
absence of navigator etc.

- The major part of the ship collision frequencies is related to ship movements on the routes nearest to
the wind farm, i.e. the routes north and south of Horns Rev.

- The largest parts of the ship collision frequencies are related to small fishing ships (less than 250
GRT), but also ships with GRT-values of 2000-4000 tons contribute significantly to the collision
frequencies. Ships of these sizes are typically the supply ships serving the offshore platforms in the
North Sea. Minor contributions to the ship collision frequencies are seen for large ships with GRT-
values of 15000 - 20000 tons. These ships are mainly the ships on scheduled liner traffic to and
from the port of Esbjerg.

The calculated collision frequencies are based on the assumption that all ships entering the box area (the
geometric model of wind farm area) will cause a collision. Thus, no consideration has been taken to the
probability that a ship entering the area will leave the area again without colliding with any of the turbines.
Furthermore, the glancing effect, i.e. a ship only touching a turbine and bouncing off, is disregarded. These
conservative assumptions are made in the present analysis due to the fact that it is merely the ranking of the
collision frequencies — and not the exact values - which are determining for selecting relevant oil spill
scenarios. Finally, in modelling failures related to drifting ships, it has not been taken into account, that the
navigator may regain control of the ship afier a short while; either because the propulsion machinery is
repaired or because of the presence of tug- or rescue boats.

It is therefore expected that the calculated collision frequencies are conservative estimates. The results in
terms of return periods for different type of collisions and for different ship types are given in Table 1.

Table 1 Return periods for different collision scenarios

Collision|all ships Commodity ships
scenario
Drifting ships 3 years 22 years
Human failure 47 years 736 years
Total frequency | 3 years 22 years

It is seen from Table | that the dominating contributions to the collision frequencies originates from the
fishing ships, and also that collisions with drifting ships involved, are the dominating failure type.

4. Oil spill scenarios

If a ship collision has occusred, and if the collision leads to major hull damages, the consequence may be oil
leakage from the tanks. On basis of the results of the ship collision frequency study, specific ship types with
large contributions to the collision frequencies have been considered in the oil spill analysis. These are small
fishing ships below 250 GRT, supply vessels for the offshore installations in the North Sea, ro-ro ships in
regular liner traffic and tankers. For the three first, analyses have been made for leakage from bunker oil
tanks while analysis of leakage from main storage tanks are made for oil tankers. The probability of a
collision is given from the collision frequencies, while the probability that hull failure occurs can be estimated
from considerations of energy exchange between the ship hull and the wind turbine structure during a
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collision.
4.1 Bunker oil spill

In order to determine possible spill volume from the bunker oil tanks, the connection between the ship size
and type and the bunker volume in the tanks are estimated on basis of samples of corresponding values of
GRT in tons and bunker o1l volume in tons. These samples are taken from Lloyds Register of Ships. It is
shown that bunker volumes can be expressed through a hinear dependency to the ship size. However, oil
companies serving the vessels in the port of Esbjerg with respect to filling the tanks with bunker oil have
been contacted in order to verify the correspondence between GRT and bunker oil volume. According to
these companies, the actual bunker oil volumes for the ships visiting the port of Esbjerg are less than the
estimated. Since the information given by oil companies relates to the specific vessels expected to operate
in area in the vicinity of Horns Rev, the oil spill leakage volumes are based on this information.

The way the bunker volume 1s stored in the ships is greatly varying from the various ship types. For most
ships, the number of bunker oil tanks varies from 2 to 5. In the bottom of the ship, there will be some tanks
of minor sizes, while the largest tanks are placed at the sides of the ship in the vicinity of the machine room.
How these tanks are protected is also varying from ship to ship. For this reason, a conservative approach
has been taken in order to determine the expected spiil of bunker oil as a consequence of a ship collision
with serious hull damages. Since the most likely scenario 1s a ship drifiing sideways towards one of the mills
damaging one of the main tanks on the side of the ship, it is assumed that from 30% - 50% of the total
bunker o0il volume will leak from the tanks.

4.2 Tanker oil spill

The port in Esbjerg has registered 117 arrivals of tankers in 1999. The tankers are primarily minor tankers
with GRT values of 3000 - 5000 GRT. The largest tanker calling the port of Esbjerg in 1999 was
"Urengoy’ of Russia with a GRT-value of 13204. The tankers are transporting various oil products and
other products, such as jet fuel, gasoline, gas, melasse, fish products, methano!, ethanol and brine. Qil
products are stored in a number of tanks - usually from 6 to 12 tanks depending on ship size. These tanks
are either centre tanks located in the centre of the ship, or wing tanks located at the side of the ships. The
centre tanks accounts for most of the volume. The volume of each of the tanks is depending on the size of
the ship. The tankers of the most frequent sizes - 3000-5000 GRT - have typically 8-10 tanks with a total
volume of 5000 - 8000 m’. Conservatively, it is assumed that 30% of the total volume will leak into the sea
as a consequence of the ship collision. Furthermore, the bunker oil tanks may leak as well and should be
taken into account also when looking at oil spill scenarios from tankers. Since a relative large number of
annual visits of tankers to the port of Esbjerg are registered, a ship collision scenario from a typical tanker
are taken into account in estimating environmental impacts.

In Table 2 the ships involved in collision scenarios expected to appear most frequent or special collision
scenarios with large environmental impact is shown. The total volume of storage tanks and the volume
expected to leak into the sea are shown.

Table 2 Definitions of oil spill scenarios

Ship type GRT Qil product Total volume  Expected leakage
[tons] [m’] [m’]

Fishing ship 250 Bunker oil 40 20

Supply vessel | 4000 Bunker oil 1000 500

Ro-Ro vessel | 20000  Bunker oil 1000 500

Tanker 5000 Jet fuel+bunker oil 8000 + 1000 2500 + 500

There is a difference between characteristics of refined oil product as jet fuel and of bunker oil.
Furthermore, there are a number of different types of bunker oil with various characteristics. The most



common types of bunker oil amongst the samples taken from Lloyds Register of Ships are diesel oil and
high viscosity fuel. Both of these are fuels with high specific gravity, while the jet fuel transported by tankers
are much lighter.

5. Oil pollution scenarios

The calculations are carried out for average values for the environmental conditions. The drift of the oil is
calculated based on [8], [9] and {10], but no considerations have been taken to the effect of the current,
due to the fact that the current are dominated by tidal current moving the o1l spill in north/south directions
along the coast. The period of the tidal current is approx. 12 hours.

The results are given in terms of a probability that the o1l will reach a given stretch of the coast. These
probabilities are calculated on basis of the conditional event that an oil spill has occurred within the wind
farm area. The calculations are based on average wind conditions. The current and wind data is covering a
9-month period from May 1999 until February 2000. The results of the spreading calculations are
summarised in Figure 3.
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It 1s found that the stretch of coast from
Gradyb, Blavands Huk and up to Vejers can
be reached by the ol patch within 12 to 24
hours after a release. The probability for wind
towards those locations is approx. 20 %.

The coasts are mainly sandy beaches. This type
of coast is among the less sensitive and it is
relatively easy to clean up. If the oil is trapped
by the tidal current in Gradyb it will presumably
be transported into Ho Bugt. This situation will
Cause MOre SeVere Consequences.

Vadehavet between Fane and Reme is
sensitive to oil pollution. The area can be
reached within 36 to 48 hours after a release of
oil. The probability of wind towards those
locations is approx. 15 %.
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An overview of the oil fate calculations which
determine the quantities of the oil reaching the
coast, for the different scenarios are given in
Table 3.

Figure 3 Summary of oil spreading calculations

Table 3 Overview of oil fate volumes in tonnes of oil on the beach and conditionally probabilities.
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Location Probability Scenario A Scenaric B Scenario C Scenario D
Fishing vessel Supply vessel Ro-Ro vessel Tanker
17 t diesel 425 t diesel 500 t bunker 2000 t jet fuel
(500 t bunker not included)
% summer | Winter | summer | winter summer winter Summer winter
vide Sande 9.2 =0} =0 <38 <60 405 435 <200 <240
Henne/Vejers 1.0 =) = <38 <60 450 470 <200 <240
Blavands Huk 10.4 =() =0 98 123 470 485 460 560
Skallingen/Gridyb 10.0 =() =0 38 60 455 475 200 240
Fane 8.3 =() =0 <38 <60 435 455 <200 <240
Rema 10.0 =0 =0 <38 <60 400 425 {<200) {<240)
Syit 5.2 =() ={} <38 <60 380 400 (<200) {<240)

The consequences of oil pollution depend on the type of oil involved, Ref. {7] and[10]. Small quantities of
diesel spill (release from fishing ships) will evaporate and disperse before it reaches the coast. In case of
release of larger quantities of light fuel (e.g. jet fuel), the fuel can reach the nearest shoreline. However, by
far the largest part of the fuel (up to 90 percent) will evaporate and disperse before it reaches the coast.
Heavy bunker oil will remain in the water for a long period of time. Due to the predominant westerly wind it
is likely that the bunker oil, one way or another will end on the Danish West Coast. However, it is possible
that the bunker oil will sediment due to the high initial density.

6. Discussion, Conclusions and Acknowledgements

The resulting yearly collision frequencies and cotresponding oil spreading results, i.e. oil fate volume and
conditional probability, are presented in the Environmental Impact Assessment-report. This report is at
present awaiting public comments. On basis of the comments or as a result of other initiated analysis
projects connected to the offshore wind farm project, some of the basic assumptions may be re-evaluated
and the modelling may be refined.
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standards for all U.S. seamen.

Jack implemented the U.S. Port State Conirol program noted by both the Walf Street Journal and
the Journal of Commerce for its innovative risk-based, tracking of foreign ships calling on U.S.
ports. Jack also served as Deputy Chief of Staff of the Coast Guard and was instrumental in the
first major reorganization of the Coas! Guard since WWII. RADM McGowan holds two degrees
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Defense Universily,
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Fundy Visianary Award and recognized by the Vice-President's National Performance Review.
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Foreword

Encrgy is vital to a modern economy. We need energy to heat and light
our homes. 1o help us travel and to power our businesses. Qur economy
has also benefited hugely from our country’s resources of fossii fuels -
coal, oil and gas.

However. our energy system faces new challenges. Energy can no
longer be thought of as a short-term domestic issue. Climate change -
largely caused by burning fossil fuels - threatens major conseguences
in the UK and woridwide, most seriously for the poorest countres who
arc lcast able to cope. Qur energy supplies will increasingly depend

on imported gas and oil from Europe and beyond. At the same time,
wa need competitive markets to keep down costs and keep energy
affordable for our businesses, industries, and households.

This white paper addresses those challenges. It gives a new direction
for energy policy. We need urgent global action to tackle climate change.
We are showing leadership by putting the UK on a path to a 60%
reduction in its carbon dioxide emissions by 2050. And, because this
country cannot solve this problem alene, we will work internationally to
secure the major cuts in emissions that will be needed wortdwido.

Qur analysis suggests that. by working with others, the costs of action
will be acceptable - and the costs of inaction are potentially much
greater. And as we move to a new, iow carbon cconomy, there are major
opporlunities for our businesses to become world leaders in the
technologics we will need for the future - such as fuel cells, offshore
wind and tidal power. Science and technology are vital, and we will be
supporting further research and development in these arcas.

In parallel, we necd access to a wide range of energy sources and
technologies and a robust infrastructure to bring the energy to where wo
want to use it. We will maintain competitive markets in the UK and press
for further liberalisation in Europe. And we renew our commitment that
no household in Britain should be living in fuel poverty by 2016-18.

This white paper is a ilestone in eénergy policy. Itis based on the four pillars
of the environment, energy reliability, affordable energy for the poorest,
and competitive markets for our businesses, industries and houscholds.

This whitc paper sets out a strategy for the long term, to give industry
the confidence to invest to help us deliver our goals - a truly sustainable
energy policy.
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1 1 Our country needs a new energy polrcy _
. Desp:te the rmprovements we have made ove
_ \' ‘the last t’_ Ve years ‘today’s polrcy wrll not me
. -é.:_tomorrow 5 challenges We need to addres-
o the threat of climate change We must deal

*and coal -'productron whrch wrll make. us a. net' T
| 3 portergrnstead of an energy e
exporte And.over. the next. twenty years or
._so we wrll need 1o replace ¢ or update rnuch

- our energy rnfrastructure '

,and other poircres del:ver those
oals: Energy producers mvestors business
:ari' consumers need a clear, settled Iong
erm; framework wrthrn whrch they can plan
nd rnake decrsrons W|th conﬁdence '

:_1_“.2___'Wrth th""e challenges however come new

_ : ':'._“opportunltres The opportunity to shift the UK‘ :
R “decisively towards becoming a low carbon: -
S economy where hrgher resource productrvrty .

i o producmg more wrth fewer natural

“The new energy pollcy that we set outin
this. w‘hrte paper is desrgned 10 provide this.
At reﬂects and. will reinforce; our wider

om n 'tment to 5ustamable development
:Whrch challenges us to ﬁnd ways to achieve
-_economrc social and envrronmental

o }new busrnesses and jobs. And the

ST "fopportumty to lead the way, in Europe and

':rnternatronally i’ developing envrronmenta!ly

. g -1_susta:nable relrable and competrtrve energy. .o
.:markets that erl support economic growth |n A '?: L
-:-ev” y part of. the worid. o

From heatrng 'and Iightrng to transport
{.industry and communrcatrons energy iS5
T fuﬂdam SaTTne e e

'_'5m_am causes of clrmate changew have risen
G 35 by more than a thrrd srnce the_tndustnal

‘decade since records began

ated energy system




o :Sectron One.
Sl ot Overview.
_Chapter 1: Cleaner, smarter energy S

_ _ S o : The rise in temperatures has. been _
Vanatrons °“he Earth's S”rface ' ' '”accompamed by changes in the world '

: Temperature Year 1000 to 2100 -
‘ around ust

‘_I' ice caps are- retreatlng from many
mountaln peaks Ilke Kll:manjaro

15 ] 'l global mean sea level rose by an average .
~oof & 2mm a year dunng the 20th century

& _l summer and autumn arctic seagtce has
th:nned by 40% in recent decades 5

e l globa[ snow cover has decreased by 10% -
.-since the, ?9605 T

l_lEr Nlno events e basame. more frequent
and mtense durmg the Iast 20 30 years

2 l usage of the Thames Bamer has tncreased- '
from on'c'é gvery two years in the- 1960s -
to an average Six- tlmes a year over the past.

’ '5 years and

. | weath‘er related economic losses to’::
: communrttes and busmesses have '

"Th'rd Assessment Report mcreased ten fold over the last 40 years

_ In thlS century, .wathout actlon to reduce

: ; emlssu)ns the earth 5 temperature IS Irkety to_ o

CCharti2
" Carbon Dioxide: Levels over
the Iast 60 000 Years s




110 Our ambitson is for the world S developed
economies to cut. emlssrons of greenhouse -
| gases by, 60% by around 2050. We therefore
~ accept the Roya! Commlsswn on
~ Environmental Pollution’s {RCEP's)
recommendatlon that the UK should put
~ itself on a path towards a reductlon in
- carbon dioxide emlssnons of some 60%
-from current Ievels by about 2050%,

~enough attention ta enwronmental problems
Our new energy policy’ will ensure that
energy, the enwronment and economlc
growth are properly and sustamably

©integrated. In this’ white paper, we set out’
the first Steps to. achlevmg thls goal

i fProtocoI demonstrate that It IS pOSSIble to | _
"lobal agreement on acuon but far e

: fno : mpact on_ cllmate change unless they

ina number of ways But Ieavnng actlon untit -
_the last minute is. nat.a senous op’oon Ifwe -
do not begin: now, more dramatlc more - :

. are"part of a concerted internatlonal effort.
- A wlder_ ffOft"IS'EIISO necessary for example-
S n bringing forward technoioglcal changes;
3 j:;'to keep own‘ costs tothe UK and to avoud

needed later on We need earty, we!l planned _

' .compromlsang our competmveness o action to provide a framework W|th|n ‘which
_ -We wrll therefore contmue to work w:th L " businesses and the economy generally '
.. '_Vother countries tO establlsh bOth a “::- i ) . ) '_ - .. _mcjud'ng tthODS and Skl”S base can Hd‘JUS‘t

sy 5 tothe need for change Thls will for. example .
s kflrm commltments to take actlon to reduce-- o allow busmess 0 plan to actin’ the course of
;;ca’ b°" EMISSIOI'IS world wude W'th'“ the ST normal capltal replacement cycles It will a!so

- to help to meet. the chal!enges we_ face

2. We have analysed carefully l:he Ilkely lmpacts '.
~.onthe UK economy of cuttmg emissions by
S 0% by 2050. A good deal of- cautlon is

g «.";_:"needed in looksng at econom

e 'RCEPS recommendataon of pi
© L dioxide ‘issions by some: 609
.o based omamore detanled

“e Thiswould lead t0.2050

~ Until now the UK's eng gy'pohcy has not pald T =

111 We can get to a'60%' cbt in ernls'sions by'2050 .

dlsruptive and more. expensrve change will be

encourage new technologles to: come forward RS

nges over



g:of ﬂoodxng associated with
“climate change. The outcome of our UK
analysrs is. con5|stent with that review,

s assums_ng that the world’s Ieadrng industrial

|mpact of: effectlvely tackhng clumate change
- would b ‘very small - equivalent in 2050 to
justa s'mail fraction (0.5-2%) of the nation's -

: wealth 2 measured by GDP, which by then _'

‘wail have tnpled as compared to now.

" A {‘l 3. The secon_df_ halienge is the decline of the
- UK'S mdlgenous energy supplies - oil, gas,
' nuclear and coai Our. current demand for
prrmary energy (ie before transformatlon eg

'}rmport nearly Half the coal we use. Much of

"j Is Ilkety to be exhausted within ten years.
By e around 2006 we ‘will also be a.net .
: r'mporter of-gas and by around 2010 of or!

energy for three . quarters of our total pnmary
S energy needs :

ecom petentrally more vulnerable to

nore than offset by the reduct:on ::‘. ey

natlon___.ac together It suggests that the cost.:

i the UK’s economically viable deep mined coal:

_'“By 2020 we could be dependent on |mported _

o beang once: agarn a net energy |mporter we

S Saction One "
s Overview
er, smarter energy.

002, Uk

: KIN.ucIear'.'“_
g g

necessarily rnake it, harde

'3'}: reliability” Of the world’s Ieadrng rndustrsal
-~ nations onty two - Canada and the UK - are

~ netenergy exporters. ‘The:athers have all
- achieved economic growth as-energy
2 |mporters ‘We wr[! be abie to'do the. same -

' JUSt as we did before ]\Eorth Sea or[ and gas..

. The best way of malntammg energy refiability.

,wril be through energy: drversny We:need

many sources of energy nany: suppiaers and

-~ many supply routes: Renewables and. )
' _smaiier-scale distnbuted energy sources - eg-

- micro:CHP* and fuel cells Wi
' over dependence on amports and can make

,help us avoid

Tus iess vuinerable to securlty '-threats

: As} v_ve sh:ft;,from belng anet energy exporter - 15

:; &g from Russia, the: Middie
w and Latin Amenca
rnvolve reiatlonshrpso mutual: dependence K

8 Comhmed Heat and Power pla ;£

-Norway will be'a major ¢ sOurCe 'of our'ga's

" imports over the nextd cade But we will
~-also need to iook for: supplies fr

jelsewhere _
: North Africa =
h trade in energy will

The phrase nargy reliability is-ised il 1S whitk paper to encompass a1



lncome from us i$ to them Our grow:ng
lnterdependence also means that secunng
reliable energy supplles will need 10°'be an
mcreasmgly lmportant part of our European
nd foreign: policy. We will work -
lnternatlonally to promote reglonal stablllty
conomlc reform;, open and competitive-

arkets and appropnate environmental’

waorld's ol and gas - Russia, the Middie East,-
North Afnca and Latin America, We have
already secured a commitment to: energy
l:berailsataon :n the European Union for .
lndustrlal customers by 2004 and: overali by
2007 Thls is \ntal not: only to :mprove our

: :also to allow UK companles to compete in .
lder markets R - '

. "_::fOur thlrcl challenge is the need to update

o the next two decades. Dunng the 1990s -
':'gthere was sngmﬂcant new investment.in

i generatlng capacity, espec:ally for gas- ﬁred
plant.- This was a respanse to the: hlgh
: "lectnmty prices and market structure of the.
me: Some generatlng capac‘lty has since’ .

n prospect European measures fo lrmst
(:arbon emrss:ons and to lmprove air quaflty

closure of_ most older. coal flred plan '
sence'of new builld or life :xten5|ons

thelr energy belng as |mportant to us as thelr o

ohcres in the regjions: that- supply most of the .

' "much of the UK's energy mfrastructure over '

been mothballed and interest in bunldlng new,-- .

But look:ng ahead, there are further changes :_' N

are_llkely to force the modernlsatlon or ;f"' s

Source: DTI estlmates for 2002 60 gross supplled :

Chart ).4-

Electnc:ty Generatlon |n;;?;00_2, UK. ::_": '

basedon Dlgest ofiJK £nergyStanstlcs tableﬁﬁ R

: Over the com:ng years substant!al

lnvestment W|ll also be requrred in other '
parts of our energy Jnfrastructure The

'electnmty dlstnbutron networks desngned for

- one-way, transrmss;on from Iarge centralised '

_power stauons to. consumers wall need to

adapt to more renewables often iy penpheral

: .parts of the country or offshore and o small _

_ scale decentralrsed power generatlon in
~ homes. and busanesses sornetlmes drawmg

-_:from the gnd sometlmes contrlbutlng to:it..

5As we adapt 10 becomlng anet. gas |mporter‘
"We wsll need addltlonal connectlons to

'-'gas (LNG) from a range of sources In the

' lohgerterm; as we potentlally moveto .

cloar _powers share of electncnty'productlon”*‘: S
_ : O Lo :"xnfrastru_ct.ure.:

; Q_:dlfferent fuels for veh:cles (eg compressed




1 18As we address these three chailenges We -

T 1 Cleaner smarter energy -

N _The goals of our B o o o 'determmlng the re[atlve weights of differing

'”.-.-’new energv POIlcv " objectives: But our approach s guided by the-:
R L follow:ng conmderatsons ‘

'-Wt” have four goa!s for aur energy pohcy enwronmental I.rlhlt.tghat should not be

.. t° p“t 0“'59"’95 on a path to cut the UK's s breached We need__to keep the UK ona
- carbon droxide em:ssnons the maln S --

:bv the RCEP, wath rea! progress by 2020 T

on to malntam the relrablllty of energy
i supplres, . : :

- :I to promote competltwe markets in the y
UK and beyond helping to raise the rate '
" of sustamab!e economic growth and to

lmprove our productl\nty, and o
create the rlght sngnals (for example on

" the environment) we' Wlli take steps that
__::encourage busmess to mnovate and _
' deveiop new opportunltres to dellver the

- I to ensure that every home is adequately R
B and affordably heated '

1,19 Wé'b'elie've' these four goa'ls can be echieved o i = - outcomes et seeklng and
together As far as p055|ble we Wl” ensure : i 5
© that'the market framework and pohcy o o n our POIICI@S ShOUtd tak_e_ aceount of impacts
*’}mstruments reinforce each other to achieve . onall sectors of society. SPeC'f'C measuresfﬁg_
.~ our goals. Enerqy efficiency is likely to be: " will be needed for partréU!ar groups of people
. the cheapest and safest way of addressmg U -(fOJ’ example to: SUPPOVt those for whom - - o
- all four- otyectlves Renewable energy will - ~ energy b'”S fOfmadlSpfOPO "onate burden) B
. ‘also play an important part in reducing carbon S R ST
- emissions, while also strengthening energy S _. The ﬂ"él mlx

- Secunty and. rmprovmg our. mdustnal

: _compet;tlveness as we: develop cleaner ._1"21: We do not propose to set targets for the

Sectiont One 75"
Overview’




1.22 We 'recognise"hovv'e\fer‘:'th:at this approach is
not enough on its own.:In partlcular specrﬁc

measures are heeded to stimulate the -~ ansmg from other sources. This' white paper
growth in reriewable energy that will allovv it . doesnot coritain specific: proposais for bualdlng
to achieve the economies of scale and. . new nuclear power stations; HOW@V@T we do
s 'maturlty that will Signlftcantly reduce its ) . not rule out the possibility that. at sbme point
 costs. In Janyary 2000 we announced our . - inthe future new nuclear build might be "
aim for renewables to’ 5upp1y 10% of UK:. ':_;'.j_ Lk -necessary |f we are to meet our carbon

electricity in 2010, sub_;ect to the-costs: beung'§ EENE N
' acceptabie to the constmer: We rntroduced
the. Renewables Oblrgatlon (whlch requires
j __supplrers in England and Wales to obtain-an-
~ increasing proportion of eiectncuty from _' -
B renewables year on year) in Aprli Iast year RN e
We also exempted renewable generation . = 1 _.25_.coa| fired 'g’eneratio'n' will aISo'" h’aVe'

~from the Climate Change Levy. By 2010 ~ . important part to play in widening the
- these measures will provide the renewableé"_:_' . diversity of the energy mix provided ways
industry with: Support worth around £1 bllhon_ .. can be found ‘materially to reduce ItS ‘carbon :
a year. This is designed to deliver the o emissions. We will continue to Support B
~ required expansion in: renewables by then. - - relevant research projects, mcludmg
-+ In this white paper s vve set the ambition-of . .. 1. f --mternatlonally, to develop optlons for cleaner'-
s doublmg renewabies share of. electnc:ity RN coal technologres and for carbon capture and
' generahon in the decade after that. In order ‘storage. Domestic coal productron :s:lakely 0,

. continue to decling as exzstlng pats reach the
-'ends of their geo!ogacal and econ mrc Irves

to achieve th:s and to ensure that renevvables
make a growung contribution to the fuel mix
“in'the Ionger term it will ‘be essentlai to _ RE : : : i DT
maintain a healthy research base. 1.26 HoWev'er where’ there is the 'po‘tent’i:ai for. Coal S
L R EERS R e ' - companies to make. worthwhile in estments Ce
. 'they have to date been prevented ) i

1.23 In reducing carbon dioxide emissions, our -
s priority is to strengthen the contnbutlon of.
Looeenergy. efficiency and renewabte energy '
o isources, This white paper s sets out the. _
polrcres we believe are. necessary to’ achreve:' '

; that. They mean energy efﬂcnency and

Hhh renewables vvr!l have to achieve far more m

i 4__5source of carb 'n free o ectnmty However its
' urrent economrcs m @ Inattractiv
.:op‘uon for ew, carbon fred. generatmg

5 :capacrty and there are atsoz mportant issues




consumptron in the UK has 1ncreased by

. around 15%, ‘while'the'si

‘of the economy

: has doubled. in future W ne”"d to contrnue

128

Iand accelerate thrs tren

_'Drscussrons under the UNFC C:_'to tackle

- climate change beyond 2008- 12 will-start soon.
. '_On the basis: of exrstang polrcres _:'nciudrng

the full effect of our cuiren

ijrogramme we would (3 K _
*fdloxrde emrssrons of some. 135 rnrllron tonnes
of carbon (MtC) in 2020. To be. 'Onsrstent with

: rmate Change _

o 1demonstratrng Ieadersh!p in: the mternatronai
_ process, we expect to aim for cuts m carbon

~of 1525 MLC below that by 20

5'221'-2'9

We belreve rt rs possrble

by reducing the amount of energy we

- __consume together wrth a Subs_tantlal

_'-rncrease in renewabie energy Our current

o energy use is illustrated in ‘chart 1.5 below.
- By makrng eur 1ntentrons clear We arm to
- _provide. the signals needed for firms to invest -

- ahead of the. game in developrng the green. -

and to help Brrtlsh manufacturers to be

technolegles that we expect to play a large
-'-part in the world S future prosperrty ln thrs
ke 5' _whrte paper we set out. measures to -
A5 '-frmplement the erectwes for 2010 set out in

: '_x__he exrstrng Climate Change Programme, and--' |
o provrde a foundation for. the. further carbon-:
; _cuts we wrli need by 2020 : L '

.'-'-Centrai to the future market and policy. .+
,},frarnework wr[l be a carbo € :

38%

:Sectron: ‘Ona B
4 Overview: -
Chapter 1 Cleaner smarter energy

Chart 1 5
Fmal Energy Consumptlon in 2002 UK

_-__‘.r__a\_r SECTOR:

Domestic

30%
© BYENDUSE' -
Ll FEIRGL i i e L
Transport .- - Lighting and -

Process use

15%-




1. 3‘i On its own'emlssrons tradlng wuH not be enough
' to. delrver our envrronmental goals. We W1II
need addrtronal measures for example to .-

stnmulate further energy efficiency in busrness -
|n the publ;c sector and in househotds Pohcres :

'.customers to ;'vest in energy efF c1ency

e 'measures such as‘cavity wall insulation.. We W|II- S
'alm o brmg Iforward to 2005 the next revision
- ofthe Buudmg Regulatrons 10 raise standards“ o

- for energy eff'_tency in new buridlngs and

| hrgher energy efﬂcrency standards in tradeable

: goods such as’ fndges and personal computers T

We wrll encourage mprovements i effrc1ency i

o . and: Iower carbon fuels in transport. We will:

h provrde further encouragement for renewable' o

..measures such as capltal grants and a more ! :
' supportrve approach to planning. To this end we

' .. are rncreasrng the funding for renewables caprtaiz L

_grants by £60- million, additional to the £38

| 'mtl]ion of extra fundrng announced i in the 2002 e

o1 33 In liberalised markets forward pnces Wi” send
signals about the need..for futureﬂ_nvestment
Suppliers will act on these srgnals and on .
their own assessments of rlsk and opportumty

 toinnovate and plan to meet those needs

. For example m response to current market

others are expionng optlons for 'gas storage '
and new L LNG 'mportmg..fa@.".ﬁ.e,ﬁ:: B

': reassurance that the market wrll mvest i the- R
- capacrty we need to provude reilable energy '

. rn exceptnonally cold weather Our market is.
not like: the market in California i in 2000 where

= 'overregulatron undermrned the abmty of

supplrers to respond effectlvely to market

N securrty So the Secretary of State and the
regulator C)FGEM9 both have dutres 1o

- -_Spendrng Review. And we will set an example o

;-throughout the pubhc sector by |rnprovmg

'energy effrcrency rn bulidlngs and procurement o

Our second goai |s to mamtam the relrabrhty
' of our energy supplres Thls requrres ElCt!OfI on

understandmg of the funct;onrng:of:
~ ~ang conditions for forergn:_ irect:ir
L tor facrirtate further mfrastructure mvestment

'_:rn the world 5 drverse gas. and orl regions.

ark' ':
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o lindustrlaf and busnness competmveness -

o Costs at the same time: To dothat. we W|1I s
encourage furms to innovate and: mmlm:se |
. costs and to dehver better quahty goods and
o servrces We will contmue our commltment

o competrtrve energy markets and Use -

~with business to help them prepare for the -
low carbon economy_of the future and to -

~ seize the opportumtres that it provides, =

Through our New sector skills network we e

~will work with the energy mdustry to develop S

' the skills that industry needs, R

_competltlve energy ‘markets, in the UK. and ' _
-beyond. This wrli help to raise the sustamable'__ S

“Energy makes a s:gmﬂcant contrlbuhon to the' R
~economy, and Tepresents a key input into all - H
- other sectors. A competitive energy sectoris 5': _
'f"therefore important to.the whole economy's ©.
_competltlveness and productiwty We need
.greater resource productlvaty in busmess so
~ that our ﬂrms use energy more. efﬁcuentiy

736
R adequately and affordably heated: - _
~In1996, 5% million households had to spend L
more than 10% of therr mcome on heatmg ‘

Th:rdly we are determmed to promote L :_:"' 'end fuei poverty in vulnerable househollds in
' "'..'England by 2010 We furth r-aim that a_s far

rate of economic-growth and support our

through rehable and. affordable energy..

reduce carbon dlox1de emissions and cut - 3_:';;: A e R e

-+1.38: Technologlcal tnnovatton Wlﬂ ha
e piay in underpmnmg ali our. go

market based mstruments 1o dehver our RE TR
Wl_der energy policy goals, And.we will W__o_rk_- g

o --'fhydrogen economy) and where necefssary to
‘enable emerging technologres (such as
L renewables and new energ_y ef [

Our final goal is t0 'e'ns'u'r:e that eVéf\i hd:’ne’ i
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‘In all of this we will WOrk-botﬁ:thr_ough: our own.
“national programmes and through & range of

SR 'internatronai collaborations and multrlateral
. programmes which will enable usto

E -Wlll ‘work actively with partners in the G8 and S

. the EU to develop climate change 3

- _technologres which will be of benefi Aot on_fy:-‘:_"

' '|n helping us meet our own carbon feductior

- ambitions but alsoin heipmg other; -

especially in ‘the developing world, to meet

_ f-therrs Capacity building programmes 1_ e
. iapproprlate areas of science, englneenng and

o technology will be rncreasrng]y |rnportant 1n ;“'" '

: 5"ﬁthas process e i

;) 'Ljooking:t_o the fut'ur‘e:;.";.._'i'ff_
o

. Ksystern that is Irkely to be. qurte d:fferent fr.om,.'-i'. o

maximise the return on our partrc:patron We 3

it will be clear.from this white paper that w
beheve we' need 1o prepare for an energy

ii‘iit_he._ia:sitzq:s*;_

B _emtssrons tradrng wzll be at'the centre

' l the natronwrde and Iocal e!ectncrty rids,

_' B the future energy system wﬂl requrre

~ and from local communities, complemented.
' '_by a piannlng system that iS more helpful’

n because a weil-desrgned transparent and
‘open energy market i the bes 'way of -
_ ach:evmg efﬂc:ent outcomes we Wi
wherever possrble use market rnstruments

. our energy markets from 2005 onwards

in partrcular for the mllilons of domestlc
and smal[er busrness Consumers not

metenng systems and regulatory ; '__f:}. :
"arrangements that were created fora
- world of large- scale centrallsed power

' stations will need: restructurrng over the _
next 20 yearst to support the emergence of L

far more renewables and small- scale ERCAI N

drstnbuted electrrcrty generatron

greater involvement from Englrsh regrons :_5'[,' i
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' paper. We W1Il depend an busmesses o
e _ supported by the. research communlty to 'j S

o adapt and;nnovate to. deinver a low carbon _ _

 future. We will Tely on focal authorities and. e o T T T TR

_WorkmgE wuth others

Section One - -
‘-Qv_erview,_.
_rter energy

B we wrli seek out the best ways to:
rnﬂuence outcomes inline with the ,
pnnmples of better regulauon maxumlsmg I P 1t O T
use of market based and/or voluntary = . 1.44 '.'Man_y 'of' 'the“_'c':ha]j" ges national in
mechanssms promotlng regulatlons only _' PR 's}éd thro'ugh

_ where they are clearly. necessary and well
desagned ‘Where regulation is required we
will work to'make sure it takes account of i

ir >t on key stakeholders o ‘
 minimisg > the burdens particularly ons
smatler and medrum s:zed enterprrses and, "

“the Devolved Administr

We wrll ensure that o

l when deSI nm new ener oltcres wé °
g g 9y P ’ : strategy is fuilyr cons;--

will con5|der thelr impact on all of’ our L
energy pohcy obgectrves in fine wuth our _
overall approach o sustalnable development AR

We have apphed these pnncaples throughout SU
thrs whlte paper AR U L R '
B : T '|_n_.420_20'and. bey nd

i 1.4’5_.A broad vision of the energy system of

: ' : 2020 is descnbed below Tt s a scenario.
VVe wall need to work W|th others to dehver : ' .

- It draws on several sources mcludlng _
the ambltrous goals we have set. |n thlS whrte : : :
------ “-: .. -modelling work for the whlte .paper‘ the DTi S,

__-Foresnght programme and o ucenarlos R
- It does not in any way close - of --optaons
' for the future Innovatlon wuH glve us. optaons .

"'regional bodtes worklng wrth the pnvat

: ofz 'e'xpe_nence



_;_'overall context We rewew what We wm need
10 have achieved by 2020 if we are to be -

E _.':conf;dent we are. movmg in the rlght d:rection
ifast enough- to ehver our a:ms for 2050

nvestment we Iook ahead to 2050 to set the -_




‘ _Section One-.

Chapter 1: Cleaner smarter energv U

seek to deﬂne every detail of the policies we
N need to pursue over the next twenty years

- and beyond That would sumply not be
realistic. We need to be prepared, within a ﬂrm |
and clear.strateglc-context, to review the .
impact of policy changes and to update and’
amend our detailed policy measures inthe
e light of-'experience We believe, for example,
-~ that technological innovation. quI have an.
: Jmportant contnbqun to make in heiplng to
deliver our long term vision.
This will bring new: opportumtles and poss;bly
‘new challenges that we cannot imagine now.-
‘We have to be prepared to adapt and evolve
our policies in the light of those opportunities - -
and wider changes in society. B

8 In recognition of this, we set out at the end
“of this white paper arrangements.for |
‘strengthening our capabilities in the field
of energy policy. These new ar_rangements"
will include annual public__'r-eports both on
progress towards the air_ns we set out in
this White paper and the steps we are taking
to ensure we remain.on track. This'will not
be the last major s't'rateg'icstatemen_t on
energy. policy. But it _setS a new direction,
and a new dete_rmination,_ to deliver very
significant changes in both the short and.

'-ionger"ter'ms”it'is a massive challenge.

* But it is.one that has to be met. And one.
we beheve we can meet

“This whlte paper seeks to deﬂne a_i_e_ng =T

"-strategic wvision for ehergy. pollcy We- set ol
ong -term strategies and, agalnst that
ac'kground shorter-term poluues © 'put S:

-on'the’ path we need to-be on: In: partlcula
enewz b!es and-energy efﬂuency are and

“remain high priorities. We do not ,..h_oweverf

Overwew. i



1.49 This white paper is based on a !a'rge amount
of analysis and modelling. We are publishing
separately documents which form part of that -
work, on estimates of the cost and potentiai

_for various long term low carbon options;
‘on the background outlook for _e_nergy demand
and emissions between 2000 and 2050; an

- initial- assessment of the impact of the

~policies as set out in this white paper; and
"background calculations to ac'h_ievihg carbon-
“cuts of between 15-25 million tonnes of
carbon in 2020." '

" 10-Most of the material submittéd to the white paper team.can be found on |
2 the DTH's website at www.dii.gov.uk/enérgy/developep; except where ~
5 those submitting information asked for it not to be'made publicly available. 1

* The websiie also inciudes reports on meetings held during the consulation.

" 11 Tris work is available a0 wwaw.dt gov.uklenergyiwhitepaper -





